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In early 1980 the National Science Board chose as the topic of its 1982 Annual Report 
to the President and the Congress, "University-Industry Research Relationships." This was a 
propitious selection as 1980 and 1981 turned out to be boom years for relationships 
between campuses and corporations. It is perhaps even more significant that thv>se enhanced 
activities have persisted despite economic difficulties in 1981 and 1982. 

A scan of the literature on the subject in early 1980 revealed that then* was no com- 
prehensive information available on the extent and nature of research relationships between 
universities and companies. Discussions among PISB members revealed great variation in 
types and character of relationships by science and engineering discipline, by type of industry 
and by character and history of individual corporation or campus. 

Given this state of affairs it was decided that the Board would undertake to contribute 
to the factual information base about university-industry exchange through commissioning 
several studies and assessing the available statistical data. 

The National Science Board's interpretation of the materials gathered in these studies 
has been published as, University-Industry Research Reiationships: Myths, Reaiities and 
Potentiais, the Fourteenth Annual Report of the National Science Board to the President and 
the Congress. 

In this volume, we make available the commissioned studies and reports themselves 
in the belief that the detailed materials will be of use to both practitioners and policy makers. 

The National Science Board is responsible for the selection of the study topics and the 
authors. While affirming the high quality of the studies and the reporting methods employed, 
the specific findings and conclusions of these papers remain the responsibility of the authors 
and are not necessarily endorsed by the NSB. All of the studies were subjected to critiques 
by outside reviewers, and modified in the light of their comments. 
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CHAPTER I 



IMTRODUCTIOM 

A. Objectives of the Study 

The Intent of this study Is to present a broad view 
of the extent and variety of current university/Industry 
research Interactions; to charr^^ierlze the principal forms 
of these Interactions, and the factors Involved In their 
Initiation and evolution; to develop a basis for under- 
standing the relationship of each type of Interaction to 
the objectives of university and Industry; and by such 
systematic analysis offer a perspective on the current 
state of university/Industry research Interactions. 

B. Scope of the Study 

This study was commissioned by the national Sci- 
ence Board to provide background Information for the 
Board's 1982 report on University/Industry Research 
Relationships. The Intent was to focus on research 
programs. We reviewed training and education pro- 
grams only insofar as they were related to research. 

WIthfn the constraints of time and funding, we 
assembled a rich data base of research interactions, 
and reviewed as many distinctive types of research 
Interactions as possible. 



The emphasis throughout this study was to develop 
case studies of Interactions through detailed on-site 
Interviews of university. Industry and government re- 
search partners. Supplemental Information was gathered 
through material provided to us during our site visits 
and through literature surveyed during the course of 
gathering facts and perceptions about a large number 
of categories of Interaction. We were able to assemble 
some numerical data that lend themselves to quanti- 
tative analysis. These detailed qualitative and quanti- 
tative data provided us with Insight Into many Issues, 
barriers and opportunities for university/industry re- 
search Interactions. 

This study avoided duplication of information In 
the follovi/ing areas: 

* Historical university/industry linkages In the devel- 
opmen^of chemistry and chemical engineering 
in the U.S^ \^ 

* Industry relationships of science and engineer- 
ing faculty In non-doctoral state colleges and uni- 
versities. \^ 

•Analysis of the existing data base on the flow of 
resources from industry to universities. \ 
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CHAPTER II 



UrilVERSITY/IMDUSTRY RESEARCH 
IMTERACTIOMS IM COMTEXT 

A. Concerns About the Health of Our Overall 
Technical Enterprise System 

A number of national concerns arose just prior to 
the establishment of this study relating to the health 
of our overall technical enterprise that give the subject 
of effective utilization of our technical resources a cer- 
tain level of urgency. 

Among these national concerns are the following: 

(1) There has been a growing belief that basic 
research conducted by universities is being weakened 
by a decline in Federal support (Smith and Karlesky, 
1977) obsolescence of research equipment (Berlowitz 
et aL 1.981) and shortages of new faculty in specific 
areas such as computer science, electrical and chemi- 
cal engineering (David, 1981). 

(2) There has been a genuine concern with the 
innovative capability of U.S. industry, leading to a 
major Presidential study of the subject (Mogee, 1979), 
arid which included among its premises: 

a. The belief that U.S. industry was devoting 
a decreasing share of its R&D resources to 
long-range research (Mansfield, 1980), and 

b. The fear that the international competitive 
status of the U.S. would decline by placing 
too great an emphasis on short-term prod- 
uct development. (Five Year outlook on 
Science and Technology - 1981, national 
Science Foundation). 

c. There has been increasing emphasis on 
the financial difficulties of universities, the 
decline in academic openings for Ph.D. 
researchers outside the fields of critical 
shortages and their potential consequen- 
tial effects on the innovative process (Vetter, 
1977). 
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There are many questions that can be raised with 
regard to the data behind these concems, and with their 
interpretation. The issue of importance to this study is 
that university/industry research interactions bear 
upon all of these concerns, and thus is a subject for 
examination in its own right The general line of thought 
is that, if we understand more about the nature of 
these interactions, and how their functioning could be 
of benefit to both university and industry, then some 
of these national concerns might be addressed by en- 
couraging particular mechanisms. 

For example, closer relations mighl U:a6 to ex- 
panded research by universities in areas of basic 
science and engineering that could be built upon by 
industry for future growth. Greater rapport betvyeen 
industrial researchers and faculty could strengthen 
support for graduate students and, presumably, in- 
crease industry funding for university research. Coop- 
erative programs might provide leverage for further 
grants, and thus expand the level of basic research 
generally. Programs encouraging equipment dona- 
tions might reduce critical instrument shortages. 

B. The Need for a Strategic Approach 
to Research 

Current perceptions of modern science suggest 
that there are other important reasons for reviewing 
university/industry research interactions. 

In the Twentieth Century, scientific and technolo- 
gical activity has been increasingly recognized as a 
productive force; Technical research has led to the 
formation of new industrial sectors — microelectronics, 
computer and information processing, biotechnology. 
Science-based industries — electronics, chemicals, syn- 
thetic fibers, scientific Instruments— have grown at a 
considerably faster pace than traditional industries — 
mining, shipbuilding,'iron and steel, and textiles (John- 
son, 1973). 

A recent study by Edwin Mansfield (1980) even 
suggests that the composition (basic vs. applied re- 
search), as well as the magnitude of an industry's or 
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firm's R&:D expenditures, affects its rate of productivity 
increase. Because of this increased awareness of the 
iiiterrelationships anioncj science, technical change, 
and economic growth, we hcive come to expect scien- 
tific research to produce concrete benefits. 

Another aspect of modern science is that it con- 
tinually increases in size, cost, and cpmplexity. riot 
only hcive the internal dynamics of scientific disciplines 
become increasingly complex, but it is evident that 
their subject matter does not evolve through linear or 
uiiidirectional stages irito innovative inventions or into 
providing the basis for teclinical change (Mogee, 1979). 

The growth of science and technology is reflected 
in the expansion of the research university, national 
laboratories and industrial research laboratory. Each 
of these sectors covers a wide range of activities from 
basic research through development and engineering. 
VVIiile each has evolved independently, there are over- 
iappitig ititerests in technical activities, and research 
interactions have an ongoing history (Thackray, 1982; 
Kabi^in, Y.M. and LafltteMoussat, 1979). The concern 
for effective litllization of research activities has raised 
the question: to what extent would more conscious 
attention to tliese interactions result in greater benefits? 

The expansion of science at all levels has been 
accoriipanied by tfie expansion and significance of exter- 
nally funded rcsearcli at universities. But in recent years, 
our sensitivity to finite resources and limited funds 
lias also grown. Increasingly, a criterion for externally 
funded research has been social relevance (OECD, 
1981). 

These three factors, science as a productive force, 
its complexity and cost, and our increased awareness 
of limited resources have been used in the past as well 
as the present as justifications for orienting research 
to the demands of society and for increased efforts to 
rationalize our present mix of research institutions 
and facilities. Tliis interest in effective coordination of 
research efforts leads to pressures to coiisider avenues 
of optimizing the use of our technical resources. It is 
within this context that we approach the subject of 
university/industry research interactions. Many of the 
issues brought up specifically with respect to university/ 



industry research interactions, in fact, bear directly on 
these more general topics. 

C. University/Industry Research Interactions: 
A Perspective 

Thus there are many pressures to review and under- 
stand university/industry research interactions, hiter- 
estingly, the attention to this subject has grown almost 
simultaneously over the past several years throughout 
most of the OECD countries. In industry, a joint Work- 
ing Group was established between the European Indus- 
trial Research Management Association (EIRMA), and 
the Industrial Research Institute (IRI). The OECD itself 
has started a study covering its member countries within 
its Directorate on Science, Technology and Industry, to 
be completed by the end of 1982. A review is currently 
in progress within the European Communities on the 
exploitation of public sector R&D, which includes con- 
cern with the response of university research to indus- 
trial needs. The Scientific Affairs Division of riATO has 
taken initiatives to encourage exchanges of technical 
personnel between university and industry across 
national boundaries of riATO member countries. ... 

It is our opinion that there is an underlying assum[> 
tion in all industrialized countries that each must derive 
the maximum output from its total technical resources. 
This assumption is not always articulated, but it flows 
from some of the ideas presented above: Despite the 
very considerable progress resulting from the inde- 
pendent growth of each sector and the evolution of 
many forms of research interaction between university 
and industry, there seems to be a widespread belief 
that university/industry interactions in particular are 
an under-utilized mechanism for optimizing our tech- 
nical resources and that greater attention to these 
interactions can result in greater benefits. 

We believe that the potential benefits of this atten- 
tion rest upon our ability to determine what is going 
on today and to understand the impact, so that each 
sector can create suitable mechanisms for achieving 
its own objectives, and so that public policy can serve 
to expedite the process. Tliis perspective underlies this 
study. 
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CHAPTER III 



METHODOLOGY 

A. Approach 

In order to select a significant sample of joint 
' research interactions within the time fi ame of our study 
(approximately 9 months to gather data), we chose to 
concentrate our efforts on collecting information from 
major research universities and research based firms. 
This choice reflected four observations: 

(1) University based research is conducted in a 
relatively small number of ^'research" and doctorate-- 
granting universities. Although there are 200 such insti-. 
tutions, the top R&iD ranked 100 universities typically 
account for about 85% of the total federal R&D funds, 
with the top 20 accounting for 40% and. the top 10 
about 25% (Science indicators. 1979). 

(2) Basic research within industry is carried out 
by a small number of veiy large firms (two firms account 
for over 25% of the man years and almost 20% of 'the 
funds allocated within industry in support of basic 
research according to an nSF study (Plason and Steger, 
1978). 

(3) Seven major industries— nonelectrical machi- 
nery, electrical equipment and communications, chem- 
icals, petroleum products, aircraft and missiles, motor 
vehicle and motor vehicle equipment and instruments — 
account for over 80% of total company-funded .R6fD 
(Research Management 1981). 

(4) The ten largest corporate R&D spenders ac- 
count for about one-third of total industrial R&D (Busi- 
ness Week. 1978-1981). \ 

Despite these concentrated efforts in a relatively 
small number of major universities and very large 
firms, the authors recognized the potential for innova- 
tive interactions at other universities and among uni- 
versities and smaller firms. Information was requested 
about such additional interactions at each university 
site visit. Representatives of several small firms were 
interviewed. Several universities not ranked in the top 
100 R&D spenders were visited. Furthermore, in order 
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to place our sample in perspective, visits were made to 
a small number of companies and universities known 
to have less extensive university/industry research 
connections than the majority of our sample. 

Because accurate quantitative data adequately 
representing the broad spectrum of interactions was 
unavailable or difficult to obtain, the authors emphasized 
gathering systematic information on specific individual 
experiences. After several attempts to collect broad 
based quantitative information, we recognized the fol- 
lowing:- 

(1) The national Science Foundation already col- . 
lects information on industrial monetary support of 
university research; 

(2) It is difficult to evaluate time and effort con- 
tributions to cooperative programs in discrete mone- 
tary units; 

(3) Industrial monetary support of university re- 
search has been approximately 3% of total university 
expenditures for a decade. Because it has t)een a small 
part of total expenditures, it has not warranted detailed 
accounting. 

(4) The distribution of external funds is pursued 
in a complex pattern throughout a major corporation, 
therefore industry does not usually keep central records 
addressing this function (see Ch: pter VI, B. 1.). 

The study emphasized on-site visits and personal 
interviews that would provide case studies for the cate- 
gories of interest. Much background material was avail- 
able in the literature, and questionnaires were used to 
\develop information specific to the institution or pro- 
gram of interest, nevertheless, the personal interviews 
formed the core of the study. 

\ Our interviews were directed toward understand- 
ing how different mechanisms operate, what motive-* 
tions formed the base for a given type of interaction, 
and how well objectives of all parties were served. They 
were^not primarily concerned with total numbers of 
people involved or total funding on a national scale. 
We therefore devoted attention to diverse types of inter- 

\ 
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actions and focused initially on fourteen mechanisms 
of interaction identified in a preliminary study conducted 
by the Center for Science! cind Technology Policy at rievv 
York University (Brodsky. et 1979). 

15. Site Visits 

Institutions were selected for visits after a search 
of the relevant science policy literature, discussions 
with yovernment ofTlcials from the national Science 
Foundation, Office of naval Research, and national 
Institutes of Health, selected contacts with industry 
and academic personnel knowledgeable about univer- 
sity/industry relationships and trends,, and. a formal 
meeting of the projects Advisory Committee with the 
research team. The members of the Advisory Com- 
mittee were: Rustum Roy, Pennsylvania State Univer- 
sity; Joseph Libsch, Lehigh University; Edward David, 
llwon Research ^ Engineering Corp.; Kenneth Bron- 
dyUe, Alcoa. 

A complex set of criteria evolved in the selection 
of institutions for site visits. The first concern was to 
design visits to include the maximum number of dis- 
tinctive types of interactions within time and funding 
constraints. We thus selected a minimum set of major 
institutions that would provide information on the four- 
teen mechanisms of interactions identified in our pre- 
liminary study ( Brodsky et a/., 1979). This set of insti- 
tutions was then expanded to include several companies 
reported to be very active in support of academic re- 
search and a selection of companies representative of 
' a broad spectrum of industrial sectors. In constructing 
the final study sample, we also considered a selection 
of institutions that would provide a broad range of 
R&fD ranked universities and a broad range of levels of 
industrial support of academic research. We then ad- 
justed our final sample so that it would provide us with 
information on major economic regions of the U.S. 

Site visits were arranged with the help of the Amer- 
ican Association of Universities and members of the 
Industrial Research Institute. Research administrators 
at each institution were asked to help the research 
team set up interviews with directors or participants 
in university/industry programs. The research team 
identified these programs by surveying thei literature, 
and by soliciting suggestions frorh the project's Advisory 
Committee, and top level governmental and industrial 
administrators. Administrators at the institutions visited 
wer^ also asked to identify programs at othjer institu- 
tions that might be regarded as a unique, significant, 
or a potentially important emerging university/indus- 
try research interaction. 

Members of the research team interviewed over a 
hundred top level administrators and about 400 sci- 
entists. Visits lasted for a half-day (42), one day 45), or 
two— three days (8). A few interviews (10) were by tele- 
phone conference. In a few instances, the research 
team visited with university scientists who had no past 
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research support or interactions with industry, and a 
few discussions were held with humanities professors. 

Companies and universities were visited In all 
regions of the United States. Lists of companies and 
universities surveyed are appendedc(Appendix I). Inter- 
views were conducted at a total of 95 Institutions. The 
universities visited included 22 public and 17 private 
institutions. The university sample concentrated on 
the top 50 R&D ranking Institutions based on nSP 
1978 figures of total research expenditures of the major 
U.S. research universities. The team also visited six 
universities each in the 50-to-lOO and lOO-to-200 rank- 
ing levels (Table 1). Por each of the R&D groupings, 
1-25, .25-50, 50-100, and 100-200, the team covered 
four levels of industrial support representing, respec- 
tively, 3%, 3-4.5%, 5-.07o, and ,10% of the total univer- 
sity R&D funding that came from industry (Table 1). 
The universities visited accounted for about $1.5 bil- 
lion of university research and development, or from 
25% to 30% of all university R&D activities. 

The 66 companies visited covered all of the Busi- 
ness Week Industrial Groupings, They were riesponsi- 
ble for about $12 billion of private sector research and 
development in 1980. All but 9 of the companies vis- 
ited were members of the Fortune 500, and had R&D 
budgets (1979) of over $100 million. Although v;^ 
realize that our company sample does not permit in- 
depth treatment of the particular relationships that 
can exist between smaller companies and nearby uni- 
versities, we did encounter particular anecdotal data 
in a number of cases relating to university and com- 
munity involvement with new technically-t>ased ventures 
(see Chapter VIII, p. 48 and Chapter X, p. 110). 

In summary, the universities we visited were respon- 
sible for one-half of the total university research expendi- 
tures in the United States, and the companies we visited 
were responsible foi* about one-quarter of the private 
sector R&D expenditures in the United States, (nsr. 
Academic Science, R&HD Funds, FY 1979 and. Com- 
pany 10-K Annual Reports.) 

C. Technical Fields Studied 

The study focused on fields of study in the phys- 
ical and life sciences'and included the academic disci- 
plines of engineering, agriculture, physics, chemistry, 
and biological scienCe;s. 

Two programs in the social sciences and one bus- 
iness school program were reviewed. Within the life 
sciences, activities in medical schools were covered at 
eleven of the universities visited. 

D. Interview Procedures 

Site visits to institutions included interviews with 
central administrators, department heads, faculty, and 
industrial scientists. A protocol of the types of ques- 
tions asked during interviews is appended (Appendix 11). 
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Table 1 



Universities Surveyed in Study Grouped by R&D Ranking knd Percent Industrial Support of Academic 
R&D by Total Campus R&D Expenditures— Top 200 R&D Ranked Institutions, FY 79 



% Total R&D Derived 
from Industry. FY 79 




Rank and Range of Total R&D Support 




Overall 
Average 
4.4%* 


1-25 
$58.9M-141,6M 
3,9%* 


26-50 
$35,1M-58,1M 
4,0%* • 


51-100 
$22,0M-21,6M 
4,1%* 


101-200 
$2,6M-14.2M 
7,5%* 


<3.0% 


U, .Wisconsin 

Yale University 
U. Texas (Austin) 
U. Chicago 


Washington U. 

Louisiana State U. 
, U. Utah 


Princeton University 




O A CO/- 

0-*f.Ovo 


Harvard / 
Stanford / 
U. Minnesota 
U. Washington 
U. Illinois 


Colorado State U. 
Duke U. 
Cal Tech 
Case Western U. 


U, Maryland 

U. North Carolina 


Rice U. 


i 

4.6-10% 


KAIT 

Ml I 

U. Michigan 
Penn State U. 

use , 


North Carolina St. 
Purdue U. <• 
U. Arizona 


U, Delaware 
Clemson U, 


Lentgn u. 


j >10% 


U. Rochester 


Georgia Tech. 


Carnegie Mellon 


U. Houston 

Rensselaer Poly, Tech. 
Colo, School of Mines 


No data on 

Industry 

Support 


U.C. San Diego 
Johns Hopkins 
UCLA 






1 



* Excluding institutions for which there is no industrial support 



The questions asked fell into three categories: 

( 1 ) General questions asked of bol"': scientists and 
administrators; 

(2) Questions directed toward administrators, and 

(3) Those directed toward directors and partici- 
pants in university/industry research programs. 

Requests were made at each institution visited for 
numerical data on the amount types, and form of indus- 
trial support of university research. If this information 
was not forthcoming, an attempt was made to document 
some of the difficulties in accounting for industrially 
supported research at universities. 

E. Response 

All institutions requested to participate in this 
study responded positively. Those inteiviewed usually 



responded enthusiastically to the majority of ques- 
tions asked in the time allotted, most often one hour. 
One question. "What do you believe to be the ideal 
mix of govemment/industry/university support of univer- 
sity research?" was only answered by a few and then 
reluctantly. 

While the response to the questions on the nature, 
origins, level of support, and structure of university/ 
industry research interactions was generally easy to 
obtain, information on the outcomes for individual 
programs of these programs was usually less explicit. 

Comprehensive data on the total amount of indus- 
trial support was unavailable at most institutions even 
for the current fiscal year. Plot one institution could 
provide comprehensive data on the trendsJn indus- 
trial support of university research within the Ikst three 
decades, or even over the last few years. 
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CHAPTER IV 



THE STATUS OF UMIVCRSITY AMD 
INDUSTRY R&D 

This study was conceived just prior to the present 
shift (Bromley, 1982; Tusfeld et aL 1981) in national 
focus and climate for research and development. Our 
"field trips were carried out amidst an outpouring of 
articles that drew attention to university/industry re- 
search interactions in the '80s. These articles generally 
fell into three categories: 

(1) Those which addressed the need for improv- 
ing research cooperation between academic and indus- 
trial sectors to help lagging U.S, innovation, 

(2) Those which raised concems about university/ 
industry research connections, and 

(3) Those which document a variety of new arrange- 
ments. 

This active discussion of, and speculation about 
university and industry research and development in 
. the '80s provided the investigators with a sense that 
there is a genuine interest in stimulating university/ 
industry research interactions. Our interviews and in- 
depth investigation of the material at hand suggested 
that the character and level of these interactions "were 
still in the process of change. Thus, while an evaluation 
of the current status of university/industry research 
relationships is valuable as a base line, any analyses of 
long-term implications is premature. 

A. Current R6eD Efforts Within the University 
and Industry Sectors 

A brief statement of the current level and direction 
of R&D efforts within the university and industry sec- 
tors should place this current debate in some perspec- 
tive. The data used is derived from "Science Indicators— 
1980" unless otherwise indicated. 

The total amount of R&D conducted within uni- 
versities in those disciplines covered by the nSf^ survey 
is given bolow, with the funding for this activity shown. 



R&D at Universities & Colleges' 
[in billions] 

Source of Funds 1978 1981 [est] 



Federal government $3.06 $4.10 

Industry 0.17 0.24 

Universities & colleges' 1.03 1.49 

Other non-profit 0.36 0:48 

$4.62 $6.31 



'"National Patterns of R&D Resources"—NSF. 
^Includes state and local government funds of approximately 
$800,000 in 1978 and $1 million in 1981. 



The total R&D activity within academia and indus- 
try, divided into basic and applied research and devel- 
opment activities, is given below. 





University R&D 


Industrial R&D 




in billions) 


(in billions) 




1978 


1981 


1978 


1981 






(est.) 




(est.) 




$3.17 


$4.30 


$ 1.03 


$ 1.55 


Applied research 


1.21 


1.68 


6.27 


9.35 


Development 


0.24 


.33 


25.87 


38.25 




$4.62 


$6.31 


$33.17 


$49.15 



The July 6, 1981 issue of Business Week magazine 
reports that 1980 R&D spending by industry increased 
by 16.4% above the 1979 leyel a real gain of 4%. An 
accompanying article suggests that industrially funded 
KdiD is on an established upward trend and the breadth 
and scope of research currently underway in U.S. lab- 
oratories suggest that there Vk^ll be a renaissance in 
technological vigor during the 1980's. It should be 
remembered that about one third of industrial R&D is 
funded by the federal government the remainder by 
industry itself. 

The above data on university and industry R&D 
desen/e additional comments. We have given only the 
macroscopic data for these two sectors. The division 
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into I>asic research, applied research and development 
at best a very loose and difllcult separation, is very 
ditlerent (or dillercnt industries. Even more variation 
lies in the extent ol yovcrnmcnt funding, which falls 
largely in the aircraft and missiles industry and elec- 
trical equipment industries. These breakdowns are 
shown in "Science Indicators" (PiSB 1980). 

There are comparable differences in the break- 
downs of industrial support within disciplines at uni- 
versities, but these are not collected nationally. Thus, 
an important feature of the present study has been to 
identify the- division of industrial support at universi- 
ties, for example, between chemistry and chemical 
engineering. 

Since the greatest emphasis in university/industry 
interactions is on basic research, this should be placed 
in particular perspective. The data of ' Science Indi- 
aitors 1980" sliow that the total national basic research 
dctivity is given by: 



Basic Research 
(In bHlions) 

%of 1981 %of- 

1978 Total (est) Total 

Universities $3.17 50.08 $4.30 49.03 

Industry 1.03 16.27 1.55 17.67 

Government 0.97 15.32 1.17 13.34 

Other non-profit 0.59 9.32 0.85' 9.69 

Federally Funded R&D Centers 0.57 9.00 0.90 10.26 

Total $6.33 $8,77 



Several points are of interest from these data and 
the preceding tables: 

1. The emphasis within university R&D is on basic 
research, about 70% in 1978 and 68% in 1981. This 
still leaves substantial activity in applied research and 
development to the extent of $2 billion in 1981. 

2. The emphasis within industrial R&D is on devel- 
opment, about 78% in both 1978 and 1981. Basic 
research in industry has increased by $520 million or 
50% in current dollars, about 13.8% in constant dollars. 
It has remained essentially constant as a percentage 
of total industry R&D. 3.10% in 1978 and 3.15% in 1981. 
This is, at first glance, contrary to the perception that 
less industry emphasis is going to long-range programs 
today then, say, five years ago. However, ' long vs. short 
range" includes consideration of development pro- 
grams as well as research. 

3. Basic research at universities and colleges 
accounts for about 50% of all basic research in the U.S. 
Industry conducts about one-third as much as the uni- 
versities, and government laboratories about 25% less 
than industry. 

4. Of the total basic research conducted tiationally, 
the percentage performed by industry has increased 
(16.3% to 17.7%), while the university share has de- 
creased approximately one percent (50.1 to 49.0). 
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Thus, while the distribution of R&D activities is 
quite different percentage-wise between university and 
industry, tliere is a substantial overlap in absolute 
terms. We refer to the $1.55 billion of basic research 
in industiy and the $2.0 billion of applied R&D in uni- 
versities for 1981 (est.). This overlap is hardly the sole 
basis for interaction, but it serves as a minimum start 
for initiating dialogues. Whether this is the principal 
basis, whether basic research interests of the^univer-. 
sity are tied to applied research interests of industry, 
and how these interactions dilfer among disciplines are 
amoiig the points explorea in this study. 

B. Current Circumstances Favoring University/ 
Industry Research Interactions 

These broad trends in university and industry re- 
search and development suggest that there is a sufficient 
basis for increased interactions. This can be seen as 
follows: On the one hand, federal funding of university 
research, while still increasing, is doing so at a slower 
rate (Five Year OiJtlook on Science and Technology, 
1981). nevertheless, overall industrial R&D expendi- 
tures are increasing steadily. Furthermore, there is suf- 
ficient overlap of types of funded programs in the two 
sectors to consider coordination of resources. Studies 
on support of basic research by industry (Plason and 
Steger, 1978) and the interdependence of academic 
and industrial basic research (Proceedings of a Con- 
ference on Academic and Industrial Basic Research, 
nSF, 1961) suggest that an increase in intemally funded 
basic research in industry is usually concurrent with an 
increase in industrial support of university research. 
Besides these considerations of levels of funding there 
are several other observations wtiich suggest a favorable 
climate for increased university/industry researcli inter; 
actions. They include: 

( 1 ) A disenchantment with the restrictions of fed- 
eral funding mechanisms is causing universities and 
scientists to look toward broadening tlieir fiHiding base. 

(2) Several scientific fields liave reached maturity, 
and industry is in a position to recognize their poten- 
tial for new business (biological synthesis, micropro- 
cessors) and for increasing industrial productivity. 

(3) Industry is expressing with some degree of 
urgency an interest in, and need for, specific types of 
technical personnel. 

(4) University scientists are beginning to look to 
some industrial laboratories as a way to gain access to 
frontier research equipment and technical advances. 

Most of the above mentioned forces driving in- 
creased interest in university/industry researcli inter- 
actions were alluded to during our field visits. A more 
complete description of factors motivating researchers 
to cooperate is given in Chapter VII. The point we wish 
to illustrate here is that there is at present a favorable 
climate for university/industry research cooperation. 
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CHAPTER V 



OVERVIEW AMD TREMDS IM 
CURREMT IMTERACTIOMS 

In this chapter we summarize the extent and 
variety of university/industry research interactions and 
present a broad view of current trends in university/ 
industry coupling. The spectrum of university/Indus- 
try research interactions is described in detail in 
Chapter IX. 

A. The Vehicles of Support and Interaction 

Our field investigation of university/industry re- 
search interactions documents their variety and multi- 
facted character. Examples of university industry re- 
search interactions are given in Table 2. Appendix III 
lists the interactions identified at 95 institutions, both 
companies and universities, which we visited. These 
interactions can be formal or informal. They involve 
not only monetary support of research, but also in- 
clude donatioris, transfers, exchanges and sharing of 
people, equipment, and information. The duration of 
successful interactions can be for less than an hour or 
for more than thirty years. An important interaction 
can be as simple as a telephone call, or as intricate 
as a ten-year contract. Some require collaborative 
efforts either among scientists of diff*erent disciplines 
6r between university and industry scientists, others 
the work of only one scientist Examples of selected 
mechanisms of interaction are given in Table 2. 

On occasion, special administrative structures or 
research units are formed to carry out the objectives of 
those interactions (Chapter IX, p. 106). There is some 
Indication that such arrangements are being used in- 
creasingly. In one case, a venture company was formed 
to distribute research funds, collected fi-om industry, 
to university scientists. 

On our site visits we identified 464 examples of 
university/industry research ties (Table 3). We wish to 
stress at this point that we were not comprehensive in 
identifying all university/industry research interactions 
occurring at the institutions we visited. This study was 



not an attempt to establish a'complete inventor}^ Fur- 
thermore, it should be noted that the more fprpial 
programs were much easier to identify, I \ 

In order to grasp more easily the nature [of the 
rather large variety of interactions, we separated ti^e 
mechanisms identified into four major groupings 
according to principal objective: \^ 

•General research support, \ 
•Cooperative research support \ 
•Support for knowledge transfer, and \ 
•Technology transfer. \ 

Of the 464 research ties identified, approximately 
60% can be characterized as cooperative interactions. 
It must be stressed here that this is a disproportionate 
number of the total number of university/industry 
ir'teractions that occur at the schools we visited. Coop- 
erative programs were generally easier to identify than 
other program types. Of the remaining total interac- 
tions identified, we classified 13% as knowledge trans- 
fer, 14% as technology transfer, and 11% as general 
research support (Table 3). This marks an expansion 
of the two broad types of university/industry relation- 
ships identified by Baer in his examination of the 
eff'ects of university/industry interactions on industrial 
innovation (Baer, 1977). His categories include: colla- 
borative research and knowledge transfer. 

B. Types of Interaction: The Broad View 

1. General Research Support ^ 

General research support continues to be an inte- 
gral part of industrial philanthropy. There are several 
methods by which industry gives general funds to the 
university. One is through gifts. There can be short 
term gifts (funds or equipment) which are expended 
in a finite period of time, or gifts which enter into the 
general university endowment and provide ongoing 
research funds. Both types of gifts can be designated 
for research. 
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Table 2 

Examples of Selected Mechanisms of Interaction 



Mechanism of ilnteraction 



Examples 



University-Based Institutes Serving Industrial 
Needs 1 



Jointly-Owned or Operated Laboratory Facilities 

I 

Research Consortia (U/l or U/I/Gov't.) 

i 

Cooperative Research Centers 

i 

Industry-Funded Cooperatiye Research 
Programs (Partnership Contracts) 



Government-Funded Cooperative Research 
Programs • i 

Industrial Liaison Programs 



Innovation Centers 
Personnel Exchange 

Institutional Consulting 

Industrial Parks 



Unrestricted Grants to Universities and/or 
University Departments 

Participation on Advisory Boards 

Collective Industrial Action (Including Trade 
Associations Support) 



Textile Research Institute 

University of Michigan Highway Safety Research Institute 
University of Minnesota Mineral Resources Research Center 
Food Research Institute* University of Wisconsin 

Laboratory for Laser Enerjgetics, University of Rochester 
Peoples Exchange Program, Purdue University 
Synchrotron Light Source. Brookhaven National Laboratory 

Michigan Energy and Resource Research Association 
Council for Chemical Research (CCR) 

Case Western Reserve Polymer Program 
University of Delaware Catalysis Center 

rIarvard-Monsanto Contracted Research Effort 

Exxon-MIT 

Celanese-Ycle 

MIT Polymer Processing Program 

NSF Industry-University Cooperative Research Program 

Stanford University • MIT • CalTech ^, 

Systems Control, Case Western Reserve University \ 

Physical Electronics Industrial Affiliates. U. of Illinois ^ 

Wisconsin Electric Machines & Power Electronics Consortium. U. of Wisconsin 

Center for Entrepreneurial Development. Carnegie-Mellon U. 
Utah Innovation Center 

NSF Industrial Research Participation Program 
IBM Faculty Loan Program 
Summer Employment of Professors 

School of Chemical Practice. MIT 
Yale-Texaco Program 

Mechanical & Manufacturing Systems Design. Clemson U. 

Research Triangle Park • Stanford Industrial Park 
MIT Technology Square (Route 1 28, Boston, MA) 
University of Utah Research Park 

Gifts from industry to departments of chemistry (e.g.. Columbia University: U. of 
North'Carolina (Chapel Hill); U. Illinois, etc..) 

Visiting committees at most schools of engineering 

Electric Power Research Institute (EPRI) \ 

American Petroleum Institute (API) , \ 

Gas Research Institute (GRl) 

Motor Vehicle Manufacturers Association 

Soybean Association 

Council for Chemical Research (CCR) 



Table 3 



The Spectrum of Interactions Documented in NYU Field Study 


Types of Interactions 


% of Interactions Documented 
Falling Into Each Category 


(N|* 


All Categories of Interactions 


100 


(464) 


• General Research Support 


11 


(54) 


• U/l Cooperative Research 


61 


(284) 


• Knowledge Transfer 


13 


(58) 


• Technology Transfer 


14 


(68) 


U/l Cooperative Research (Selectad Categories) 


100 


(284) 


• Special Interest Liaison Programs 


23 


(65) 


• U/l Cooperative Research Centers & Institutes 


25 


(71) 


• Researr^h Consortia 


5 


(15) 


• Grants & Contracts 


45 - 


(128) 


• Collaborative Interactions 


2 


(5) 



•Total Number of Interactions Falling Into Each Category 
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We heard of a few recent (4) substantial corporate > 
donations for research facilities. Our talks with univer- 
sity administrators and department chairmen indi- 
cated that corporate donations of equipment while 
very valuable in certain fields (e.g., computer science), 
were not at a level to significantly upgrade equipment 
available for frontier research. Yet we did observe that 
many technical departments were receiving new gifts 
frotii corporations. 

The recent Council for rinancial Aid to Education 
(CFAE, 1981) Survey of Voluntary Support for Educa- 
tion verified our observations. This survey indicates 
that in relation to all sources of voluntary support for 
higher education, corporate philanthropy has steadily 
increased in share over the past decade, accounting 
for about 18% of the total by 1980. The crAE survey 
also showed that corporate contributions for capital 
purposes (e.g., bricks and mortar" and endowment) 
have been declining in recent years. However, the per- 
centage of total corporate contributions earmarked for 
research support increased to 27% of the corporate 
total in 1980. 

2. Coopera^ii;e Research Support 

Cooperative research interactions are defined as 
those requiring some degree of cooperative technical 
planning. These mechanisms include a spectrum of 
irUeractions from joint research \endeavors, to coop- 
erative participation of university and industry scien- 
tists in contract research, to the ^establishment of 
icscarcli consortia. Many times they\lead to the devel- 
opment of special administrative structures and/or 
research facilities (see Chapter VL ^. 26). It is an 
activity where the two parties to someX extent jointly 
plan their research, the program goals, and the dis- 
position of the outcomes. 

The general nature of cooperative research is to 
develop a basis for orderly flow of scientific'and tech- 
nical information on several levels in order to acquire 
new ideas or accomplish a specific objective through 
broader inputs, and to provide the foundation for 
future technical programs. 

Money may or may not change hands. Thus; in 
such a program a company has a direct interest in, and 
relationship to, the research at a university. It is prob- 
able that work going on within the company will relate 
directly to research carried on within the university. 

We attempted to focus on the development of these 
types of interactions because here there is the most 
intimate interplay between university and industry, and 
the barriers between university and industry research 
systems can become most pronounced (Chapter VIL 
p. 37). Cooperative research appears to be an area 
wliere there is much current creative movement, and 
is an area where we believe one might seek better 
and more efficient uses of our resources. 

All the mechanisms identified as cooperative re- 
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search interactions require an element of collabora- 
tion, even if only at the initial negotiation phase, flow- 
even the collaboration is usually only in general terms. 
One scientist suggested that the only true collabora,- 
tive research projects occurred when the principal 
investigator at the university was also on the board, or 
was an executive of the company, as in the German 
model of interaction, fie said that only in this way 
could the scientist ensure that the development and 
design work be truly integrated with the evolution of 
the feasibility of a concept developed within the uni- 
versity. This appears to be an extreme statement but 
does characterize a difficulty in designing truly coop- 
erative research interactions between university and 
industry. 

Thus, despite the current interest and activity in 
cooperative research, there are very few programs with 
extensive collaboration between university and indus- 
try scientists in research design and management Out 
of 284 interactions we classified as cooperative, we 
believe only about 27o fall in this category of truly col- 
laborative interaction (Table 3). 

flowever, there are some recent models of exten- 
sive collaboration, particularly in the fields of bio- 
technology and microelectronics. In Chapters VII, VII! 
and IX (pp. 43-46, 55-56, and 70-84), we provide 
descriptions of several of these interactions. In gen->^_^ 
eral, it is too soon to determine if these new collab- 
orative ventures are significantly better than other 
mechanisms in terms of valje or significance of out- 
com.es. 

The other extreme is when a company negotiates 
a research contract and does not provide any substan- 
tial information pertinent to the internal company 
research or how this contract fits into the company's 
research strategy. This occurred in about 2-3 cases we 
reviewed. 

Between these extremes there is a spectrum of 
cooperation. While all mechanisms can foster coopera- 
tion, it was repeatedly stated that only those which 
revolve around individual investigators develop into 
true collaboration. Several interviewees suggested that 
intimate collaboration is not always good, because 
each must then compromise his objectives, and the 
goals of the two differing research systems become 
submerged and/or diffuse. There is a fear thai with 
extensive collaboration, a university professor will be 
"bought" and directed away from pursuing nev^' ave- 
nues of research. One physicist warned that industry is 
only interested in supporting a knowledge base which 
is already formally conceptualized. University scien- 
tists, he said, must be allowed to explore so that they 
can provide the technical base of the future. In fact 
most industrial scientists do not believe that a univer- 
sity scientist should focus his research too narrowly or 
become involved in developmental research. On the 
other hand, it is generally believed that by becoming 
too involved in the environment of university interests 
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In l)asic rcscaich, the industrial scientist may lose 
sicv'U of picictlcal solutions and research design. 

3. tinowlcdgc Tnmsfcr Mechanisms 

Progratiis facilitating research connections through 
Knowledge transfer (our third category) become of 
increasing interest as the U. S. becomes more and 
more concerned about research coordination. Innova- 
tion, and the technological base of its Industry. 

Knowledge transfer mechanisms essentially fall 
Into two categories, those which are structured with 
this as a primary objective and those which are not. for 
example, a seminar is held for the purpose of exchang- 
ing information and ideas (knowledge transfer), while 
a university research institute is established to do con- 
tract research. However, industry contracted research 
at the Institute will in effect provide a network for 
university/Industry knowledge transfer and is a re- 
search connection. 

Industrial support of knowledge transfer mecha- 
nlsnis is less formal and may not involve monetary 
research support. There is generally no institutional- 
ized research structure in programs set up specifically 
to provide for knowledge transfer. In this study a broad 
brush treatment of knowledge transter mec hanisms 
(Chapter iX, pp. 85-98) is made to illustrat^alterna- 
ti\e possibilities for interactions and their relationship 
to other university/industry research mechanisms. 

Knowledge transfer mechanisms, such as consult- 
Inc;, the exchange of people, seminars, speaker pro- 
cvams, and publication exchange, are key to forging 
strotujer research ties between universities and indus- 
tries (see Chapter IX, pp. 85-92). Program structure 
prcnldlng for personal interaction between Scientists 
appears to be the most efficient means of transferring 
Knowledye between the two sectors. Most company 
and university representatives interviewed stated that 
onc-on-one communication is essential for effective 
linkinc; of academia and industry research. Furthermore 
personal contacts and consulting relationships were 
mentioned frequently as critical factors irt the initia- 
tion of university/Industry research coupling (Tables 4 
and 5). 

Formal dual purpose program structures lead 
also to informal research ties. Continuing education 
programs and centralized liaison programs are knowl- 
edge transfer research interactions because the con- 
tacts developed in these programs provide the ground- 
work for the exchange and transfer of ideas for research 
and/or for adaptation of research techniques. 

Informally structured programs of knowledge trans- 
fer were extensive and varied. Such programs, it was 
sensed, were the basis of all ties between companies 
and universities. Although there is no data base on 
which to detect to what extent these informal ties have 
increased, we sensed that as the climate ibr coopera- 
tion and coordination becomes more positive, these 
infoniiai interactions will increase greatly. 
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4. Technology Transfer— Programs to Expedite 
the Commercialization Process 

University extension programs in agriculture and 
engineering testify to the long and enduring role of 
universities in technology transfer (Rogers eta/., 1976). 
In difficult financial times, formally structured pro- 
grams to capitalize on university research are likely to 
increase because there is a sense within the university 
as well as industry that opportunities are t>eing missed. 

Starting in the early 70's,the United States govern- 
ment established several special programs which were 
directed at innovation and univei'sity/industry technol- 
ogy transfer (Zerkel, 1972; Prager and Omenn, 1980). 
They were structured to transfer outcomes of coopera- 
tive ventures to a third party, or to play a role to see 
that the outcomes were brought to fruition as com- 
mercial ventures in and of themselves, or were inte- 
grated into the technology and science base of U.S. 
industry. Examples include: The DOE Industrial Energy 
JErogram, the Plew England Energy Development Sys- 
tem (riEEDS, one of nSF's cooperative research cen- 
ters), the University of Utah Innovation Center, the MIT 
Innovation Center, and the Carnegie Mellon Processing 
Research Institute, (Chapter IX. pp. 98-99). 
____jviany-of-t+reSe^formal government technology 
transfer programs iiave experienced difficulties, such 
as not attracting significant company participation or 
finding financial support from sources outside the 
government. Technology transfer from campus to 
industry has always been a difficult issue (Declercq, 
1979). 

The recent extensive literature developed on es- 
tablishing government sponsored technology transfer 
through establishing generic technology centers (U.S. 
Senate Committee on Commerce, Science and Trans- 
portation, 1980; Industrial Research Institute, 1979; 
Cooperative Automotive Research Program, 1980; 
Mogee, 1979; Pavitt and Walker, 1976; U.S. Depart- 
ment of Commerce, 1980 a&b; U.S. Department of 
Energy, undated), and the subsequent failure of such 
programs to materialize, highlights some of tiie prob- 
lems in setting up successful formalized technology 
transfer programs (Large, 1981; Fusfeld, H. I., K n. 
Langlois and K K Pielson, 1981). They include com- 
pany fears of antitrust difficulties and a lack of consen- 
sus on how to effectively structure such programs and 
allocate resources. 

But with continuing concern about laggii^g U.S. 
innovation there is still much interest in developing 
successful technology transfer programs. Universities 
(e.g. Georgia Tech and Penn State) are beginning to 
take their own initiatives. 

A few have structured programs to assist professors 
and/or entrepreneurs in developing new businesses, 
new products have not as yet been produced but these 
programs are still very young (one year or less). 

Universities are also beginning to take the lead in 
capitalization of their own research through more 
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Table 4 



Initiation of University/Industry Research Interactions 

Number of Cases in Each Category 
(as derived from interview data) 



Initiator Prior'* Consulting 





(1) Total 
Number of 
Interactions 


University 


Industry 


Mutually 
Initiated 


Other* 


— Relationships 
Contributing 
Factors 


as an important 
element in 
Initiation 


General Research 
Support 


34 


14 


16 


3 


1 


2 


2 


Cooperative Research 
Support 


214 


. 142 


33 


19 


20 


46 


43 


Knowledge Transfer 
Mechanism 


42 


29 


12 


1 


0 


2 


4 


Technology Transfer 
Mechanism 


47 


40 


2 


1 


4 


3 


6 


Total 


337 


225 


63 


24 


25 


53 


55 ' 



(1 J Total number of interactions = university + industry + mutually initiated and other. 



'Other includes: government, alumni, or any other third party. 

"Prior relaiionships include: professor having previously worked in industry; personal or industrial contacts; etc. 



Table 5 

Origins of University/Industry Cooperative Research Programs 

(as described in interviews] 



Initiator 



(1) Total 
Number of 
'nteractions 



University 



Industry 



Mutually 
Initiated 



Other* 



Pricr** .Consulting 

Relationships as an important 

Contributing element in 

Factors Initiation 



Initiations of Cooperative Research Programs: Response to Direct Questioning 
Concerning Epch of Factors Involved in Initiating a Project 



Cooperative Research 
















Centers and Institutes 


46 


32 


7 


2 


5 


6 


5 


Grants and Contracts 


78 


43 


17 


12 


6 


31 


28 


ILP and Research 
















Consortia 


73 


62 


4 


2 


5 


6 


5 


Other 


17 


8 


6 


1 


2 


3 


2 



Initiator 



(1) Total 
Number of 
Interactions 



University 



Industry 



Mutually 
Initiated 



Government Funded 
U/I Cooperative 
(Grants and 
Contracts) 



29 



16 



Other* 



Prior** Consulting 

Relationships as an important 

Contributing element in 

Factors Initiation 




(1 ) Total number of interactions = university + industry + mutually initiated and other. 
'Other includes: government, alumni, or any other third party. 

"Prior relationships include: professor having previously worked in industry: personal or. industrial contacts; etc. 
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aggressive attention to patents and through the estab- 
lishtiient of university based licensing and brokerage 
programs (see Quiptcr IX p. 101-106). 

C. Technical Fields and Differences 
in Industrial Support 

Industry generally supports research in scientific 
and technical fields most closely allied to their in- 
terests. The nature and tradition of the field also deter- 
mine the level and type of industrial funding. Profes- 
sionally oriented schools and departments t^nd to 
attract greater industrial support than traditional 
departments. This is most certainly tied to the com- 
panies' overwhelming motivation in supporting univer- 
sity research — access to qualified professionals with 
skills the company can use within one to two years 
(Chapter VII, p. 34). 

Opportunities for cooperative university/industry 
research interaction frequently lie in subject areas at 
the interface of traditional academic disciplines, e.g., 
polymer science, biomedical engineering, materials 
science, robotics, veiy large systems integration (VLSI). 
Of the 464 university/industry research ties we identi- 
fied in our field study, 179 (approximately 40%) were 
programs covering two or more academic disciplines 
(Table 6). 

A disproportionate amount of industrial support 
goes to engineering, medical and agricultural depart- 
ments and schools. The breakdown for total industrial 
support of university research at ten universities was 
approximately 60% to engineering, 10% to agriculture, 
and 30% to ail other technical programs. Several 
administrators stated that departments or schools of 
agriculture were "nickel and dimed to death." Although 
the total number of projects supported within the agri- 
cultural school was usually much greater than in an 
engineering school, the monetary support of engi- 
neering schools and the size of the projects supported 
were much larger. 

Medical school support from industry is compli- 
cated because of the large infiux of PilH money and the 
complexity of the schools themselves. Medical schools 
and their pharmacology departments do receive large 
grants or contracts from industry for specific pur- 
poses. Pharmaceutical firms contract large amounts of 
money to university medical schools to perform clin- 
ical trials of their new drugs (see Chapter VIII, pp. 62- 
63). 

Of the academic sciences (biology, physics, chem- 
istry, math, and the social sciences), chemistry gener- 
ally receives the greatest amount of industrial sup- 
port, not only contract support but also support in the 
form of unrestricted money. In a questionnaire to 100 
chemistry departments asking for information about 
unrestricted giftis. Professor A. L. Kwiram of the Uni- 
versity of Washington, found that the unrestricted 
grant total to a department averaged about $27,000 



annually. Excluding the five largest departments, the 
unrestricted fund average is about $18,000 per depart- 
ment. In keeping with greater industrial support of 
engineering, chemical engineering departments re- 
ceive three times the amount of money given to chem- 
istry departments. Fifty chemical engineering depart- 
ments responded to the questionnaire. The average 
total for unrestricted gifts to chemical engineering 
departraents was about $67,000. 

At one university, where chemistry, chemical engi- 
neering, and biochemistry were combined into one 
school, both the chemistry and chemical engineering 
departments received $150,000 each in unrestricted 
gift:s; and the biochemistry department, zero dollars in 
unrestricted gifts. 

At most universities, there is little industrial mone- 
tary support of research (for contract research or in 
gifts) in departments in biology, physics and mathe- 
matics (Table 6). 

Biology is usually supported through a basic med- 
ical science department in a medical school rather 
than an academic biology department. The Harvard- 
Monsanto, the Dupont-Harvard, the Harvard-Hoechst 
agreements are contracts with medical schools. Des- 
pite the fecentilurry of activity over genetic engineer- 
ing, there has been littlcs.upport of frontier genetic 
research, cell biology, or molecular biology by industry. 
Several scientists and administrators stated that they 
were in the initial stages^ of negotiating industrial con- 
tracts in support of the "new biology." Most expect that 
there will be growing support in this area, as the 
number of interested companies grows larger and 
more stable. There are at least two new biochemistry 
affiliates' programs attracting industrial support, and 
at least three of the new biotechnology companies are 
sponsoring grants at several universities. Genetic engi- 
neering research in the plantsciences isalso receiving 
increasing funds from industry (e.g., from the oil and 
chemical companies). Traditionally, this type of sup- 
port for plant science research is from agribusinesses 
and through the agricultural schools. 

Much of the ongoing research in high energy (ex- 
perimental physics), astronomy, and oceanography 
has not in the past been considered to be relevant to 
industry's immediate interests. Therefore these sub- 
jects have not received much monetary support from 
industry. These fields usually require large expensive 
specialized research facilities which, because of the 
general nature of the research results coming out of 
these facilities, are supported by government funds. 
Yet there are opportunities at these facilities for joint 
university/industry research interactions and some 
companies have taken advantage of them. Bell Lab- 
oratory scientists in cooperation with university scien- 
tists have made major advances in astronomy. Syn- 
chrotron Light Sources at the LIniversity of Wisconsin, 
Stanford University, and Brookhaven Piational Labora- 
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Tables 

Technical Disciplines Represented in Cases Documented (N=464) in NYU Field Survey 



Discipline 


Sub-Disciplines Included 


Single' 
Discipline 
Program 


Joint" 
Areas 


Engineering 








General 




54 


36 


Materials 


Materials engineering, materials science 


18 


9 


r^homiral 




do 


15 


Electrical 




26 


17 


Mechanical 


Mechanical engineering,, fluid mechanics, ceramic engineering 


6 


18 


Other 


9 


i1 


Science 




1 


5 


Computer Science 




28 


26 


Chemistry 




29 


16 


Physics 


Space physics 


5 


6 


Biology 


Microbiology, environmental sciences 


13 


14 


Biochemistry 




4 


4 


Agriculture 


Agriculture, plant science, forestry 


15 


9 


Medicine 


Medical sciences, toxicology, immunology, pharmacology, oncology, radiology 


19 


8 


Oceanography 




1 


7 


Mathematics 




2 


7 


iviciaiiuryy 


• 


2 


5 


Social Science 




5 


1 


Business 


Economics-industrial & mineral 


2 


2 


Geology 


Geophysics, geochemistry, geoscience 


2 


5 


Non-Profit 








Organization 




3 


0 


Multidisciplinary 






67 


Other 




14 


9 



'Total Number Single Discipline Programs = 286 

••Joint Area Programs May Encompass Two or More Disciplines; Total Number = 179 



torles (administered by an association of universities) 
have all been supported and used by a number of 
private companies including IBM, Exxon, Bell Labs and 
Xerox. A particularly unique university/industry/govem- 
ment research interaction has occurred in the devel- 
opment of the Brookhaven Synchrotron Light Source. 
Here the private companies have borne the cost ($15 
million) of the design and instrumentation of a num- 
ber of beam lines which are available to the general 
user a\. least for one fourth of the beam time (see 
Chapter IX p. 85). 

Oil companies are increasingly giving their sup- 
port to departments of oceanography. This is tied to 
their interest in seabed exploration for oil and min- 
erals. It appears that much of this support to date has 
been in the form of gifts and participation in liaison 
programs. There may be a great potential here for 
increased cooperative research interaction and sev- 
eral scientists expressed the view that such interac- 
tions are beginning to occur. 

In mathematics, which presently gets the least 



amount of industrial support (excluding computer sci- 
ence), academic scientists suggest that there are 
opportunities being missed. In developing robotics, 
certain basic geometry problems will have to be solved. 
Mathematicians also have a role in the new software 
explosion. They can be essential in providing new 
algorithms and in the development of new languages. 

D. Current Trends of University/industry 
Research Interactions 

Our study indicates that there is a surge in the 
volume and variety of these interactions (Table 7). Al- 
though a majority of these interactions are initiated 
by university scientists with an applied background or 
an association with industry (e.g., either a previous 
history of working in industry or continued participa- 
tion in consulting arrangements), there is a wide var- 
iety in the structures and functions of these joint ven- 
tures. The volume and arr=\y of present interactions 
provide researchers not only with new opportunities to 
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diversify funding sources, but also with alterniative 
approaches to the conduct and design of research 
programs. 

Specifically, with respect to mechanisms of univer- 
sity/industry research interactions, there are several 
emerging trends: 

(1) Increased magnitude of industry funding ^f 
specific projects or programs. (However, in less than 
ten instances was this of truly significant magnitude: 
$1 million per year.) 

(2) Increased duration of industry commitment 
to university programs. 

(3) Increased efforts at collective industry sup- 
port of university research. 

(4) The s'jucturing of multi-company support of 
university research in ways allowing active participa- 
tion of company scientists in the technical aspects of 
a program. 

(5) The founding or redirecting of university asso- 
ciated research institutes to conduct research pro- 
grams on behalf of industry. 

(6) Expansion of university activities designed to 
commercialize results from university research. 

The outcomes of university/industry coupling are 
also multi-faceted and can include spin-off companies 
as wet! as publications and the production of Fh.D.'s 
oriented to an industrial career (see Chapter VII, p. 43). 
However, in our sampling of cases, we could rarely 
identify instances where a commercially marketable 
product or process was an immediate and direct out- 
come of a research interaction. 

Because of the recent formation of many pro- 
grams, it is too soon to tell if there will be a shift in 
the extent of traditional outcomes, the production of 
Ph. D.'s and publications, and an increase in non-tradi- 
tional outcomes, patents and commercial products, 
processes or services. 



E. University/Industry Research Interactions: 
A Mew Era 

There have been several significant developments 
during the past year that bear directly on university/ 
industry research ties. They include changes in federal 
laws, policies, and regulation, and a resurgence of the 
venture capital business and the interest of the finan- 
cial community in investing in "high technology" busi- 
ness ventures. 

These developments are apparently affecting the 
level of activity in developing new university/industry 
research ties. Our field investigation and a survey of 
the relevant literature revealed a tremendous number 
of recently initiated university/industry research inter- 
actions. Of the ulnlversity/industry ties where we could 
identify a period of existence to 1981 (n=463), approx- 
imately 51% were currently being started or less than 
three years old. Very few programs (10%) reviewed 
have been in existence for a long period of time (20 
years or more). About 8% were in existence for be- 
tween eleven and twenty years, thirteen percent for six 
to ten years, and 17% for three to five years (Table 7). 
Scientists and administrators have stated their in- 
creasing interest in university/industry support, and 
perhaps this is substantiated by the large number of 
new programs identified in this study. This is no doubt 
a reflection of a more favorable climate for university/ 
industry research interactions provided by changes in 
government policy and greater public and private sec- 
tor awareness of the new potential commercial value 
of some areas of science, e.g., genetics and computer 
science. 

Over the next few years a major element of policy 
analysis will necessarily consist of assessing the con- 
sequences and implications of these new develop- 
ments in the financial community, in the maturity of 
certain sciences, and in policy actions in the area of 
patent laws. It is to be expected that these new devel- 



Table? 

Numbers of University/Industry Research Interactions Existing for Various Time Periods 



Timp Periods (Years) 

Types of Interactions 



All Categories of Interactions 

■ • General Research Support 

• U/l Cooperative Research 
~ • Knowledge Transfer 

• Technology Transfer 

U/l Cooperative Research Programs (Selected Categories) 

• Special Interest Liaison Progranns 

• U/l Cooperative Research Centers & Institutes 

• Research Consortia 

General Purpose Industrial Progranns 



<3 


3-5 


6-10 


11-20 


>20 


236 


80 


60 


37 


49 


35 


11". 


3 


1 


2 


149 


7 


37 


17 


18 


31 


10 


5 


3 


7 


21 


3 


10 


11 


21 


48 


14 


6 


12 


4 


21 


11 




14 


8 


7 


2 


3 


3 


1 


4 • 




1 




3 



optiients will affect the character of university/industry 
research ties and will bear importantly on the nature of 
the newly evolving relationships. This was a subject of 
discussion during many of our interviews. Such discus- 
sions served to underscore our perception that univer- 
sity/industry research interactions are currently in a 
state of flux. Changes in the tax code, antitrust policies, 
and revisions to the budgets of major RfiifD agencies of 
the federal government were frequently mentioned 
both by company and university representatives as 
being critical. The new patent law (which \went into 
effect July 1981) provides that all federal agencies 
must allow universities, along with small business and 
non-profit institutions, the right to retain ownership 
and patents arising from federal funding agreements. ' 
The legislation provides unambiguous policy guid- 
ance, and this allows universities to negotiate licensing 
riglits with companies that partially support their 
research programs. It thus provides universities with 
incentives to pursue patenting. Companies feel com- 
fortable in negotiating licensing rights Vi^th universities 
particularly if they can obtain an exclusive license.' 

In the Economic Recovery Tax Act of 1981, two 
specific tax incentives are of potential importance| tp 
university/industry research in^teractions: the incre- 
mental tax credit for industrial R&D and increased 
deduction for manufacturers who donate new equip- 
ment to universities. Both university and industry rep- 
resentatives stated that they >Arere unsure if in fact 
these revisions would provide new monies for univer- 
sity/industry research interactions. Several other bills 
considered (e.g., the Vanik and Danforth bills) were 
regarded more favorably than the one that actually 
passed. 

A clarification of the U.S. government antitrust 
policy on the other hand did appear to have significant 
effect on the character of university/industry interac- 
tions. There is now a greater disposition in industry to 
participate in university-sponsored research consortia 
(e.g., Delaware Catalysis Center, the Case Western 
Reserve Polymer Center) and in the collective indus- 
trial support of university research (e.g.. the Council 
for Chemical Research and a new program undertaken 
by the Semiconductor Industry Association). 

Among the other events highlighting potential 
changes in the character of university/industry ties 
were those relating to the ferment over the role of the 
university in high technology ventures. A review of four 
events occurring within the last year serves to stress 
the rapid rate of change and high stakes in this area. 



(1) In October 1980, Qenentech, a spin-ofT com- 
pany started by two university scientists in 1976, 
issued public stock. They became millionaires over- 
night. 

(2) In 1980, the Harvard administration proposed 
that Harvard take equity in a new company being 
formed by one of its faculty members. A long debate 
ensued on the proper role of the university in com- 
mercialization of university research. Subsequently, in 
December 1980, Harvard discarded its plans for di- 
rectly investing in this biotechnology enterprise. The 
controversy created by the Harvard initiative tended to 
obscure many other slightly less bold plans and devel- 
opments. A visit to larvard and many other schools on 
the forefront of biotechnology research revealed that 
most faculty members in this line of research are 
participating in the development of new ventures. 

(3) In the fall of 1981, Stanford University and the 
University of California participated in the develop- 
ment of a unique and complex interaction involving 
the establishment of a non-profit Center for Biotech- 
nology Research, and in the creation of Engenics Inc., 
a for-profit arm of a foundation established by six 
diverse firms to support academic research in genetic 
engineering. Engenics Inc. will concentrate on develop- 
ment of commercial biotechnology processes, neither 

\ of the universities will be a direct participant in the 
\non-\Drofit Center for Biotechnology Research or in 
Eqgehics, but they will receive $2 million over the next 
four^years from the foundation that set up Engenics. 
They also expect to share in any financial success of 
Engenics. Two faculty members from Stanford and one 
from Berkeley are associated with Engenics. The six 
firms setting up the foundation have equal portions of 
a 35% equity in Engenics. The Center for Biotech- 
nology Research holds a 30% interest in Engenics and 
will use profits from that interest to support univer- 
sity research although not necessarily at Berkeley or 
Stanford. 

(4) In another development in this area also at 
Stanford. 73 genetic engineering companies from 
around the world signed up with Stanford for use of its 
patent covering basic gene splicing and cloning tech- 
niques. A gross revenue of $1.4 million for the first 
year was guaranteed to Stanford by December 15, 
1981 through this licensing effort. 

The implications of many of these new develop- 
ments are discussed in Chapter X and their potential 
effect on the future of university/industry cooperation 
are outlined in Chapter XI. 
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CHAPTER VI 



CHARACTERISTICS OF THE ACADEMIC AND 
INDUSTRIAL SECTORS AND THEIR EFFECT 
ON PARTICIPATION IN UNIVERSITY/ 
INDUSTRY COOPERATION 

A. Institutional Objectives: Implications 
for Research Cooperation 

The functions and objectives of the academic and 
industrial sectors govern their institutional structures, 
their organization and management of research, and 
thus their approacli co cooperative interactions. There 
are real differences between the two sectors. These 
differences bring about mutual misunderstandings 
which can be exacerbated by a lack of communication. 
Open recognition of these differences is essential to 
successful cooperation. 

Academic research institutions exist primarily to 
educate students and to discover and extend knowl- 
edge. As a consequence, freedom of communication 
and publication is essential. Universities are subject 
to public and peer evaluations. A university's success 
is directly related to perceived quality of students and 
research productivity. 

Industry exists to provide the optimum return on 
investment consistent with stable growth; it does so 
by producing a product process, or rendering a useful 
service. A factor in this process is the development of 
proprietary knowledge, which often necessitates that 
patent protection be established. These concerns tend 
to restrict communication and publication. ''Bottom 
line" considerations are emphasized and profitable 
return on stockholders' investment is a minimum 
necessary objective. 

Industry's approach to research and development 
is ultimately governed by the view that research is a 
long-term investment whose function is to provide 
eventual payoff in terms of a product, process, or serv- 
ice that will improve corporate performance. The dif- 
ferences in corporate attitudes toward research, e.g., 
level, direction, division between basic and applied. 
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are governed by a variety of factors: perceptions of 
relative importance; available capital; traditions of 
dependfencejcm-state-orjederal entities; and corriplex- 
" ity of technology required fof^innevation^-Life cycle 
phenomena such as stability or growth of markets, 
and corporate size and cpmplexily all play a role. 

Attitudes towards research in universities are gpv- 
erned by their educational and research missions. 
Most universities start with the notion that research is 
an integral part of education and training. Both rel 
search and training in their view are essential in the 
pursuit of knowledge for its ovm sake and for the gen- 
eral long-range benefit of humanity. Universities, both 
public and private, are also committed to public serv- 
ice and the dissemination of knowledge. 

Universities differ in their perceptions of their 
functional roles in education, training and public serv- 
ice. It is their perceived mjssion which affects their 
orientation and attitudes toward cooperation. Some 
universities regard themselves primarily as basic re- 
search institutions, some admit to a greater techno- 
logical orientation. A goal of many institutions is to 
graduate professionals while others state they wish to 
graduate leaders. The founding charter, motto or state- 
ment of purpose of a university ft'equently explains its 
present orientation. For example, Georgia Tech's pur- 
pose is "The advancement of scientific and technical 
knowledge and achievement;" University of Illinois' 
motto is "Learning and labor;" University of Chicago's 
motto is "Let knowledge grow from more to more and 
thereby life be enriched;" the Stanford motto, "To pre- 
pare students for direct usefulness in life." The orien- 
tation of a university' to some extent will constrain or 
focus the types of research interactions a university 
will have with industry. 

In general, despite different university orienta- 
tions, university research has three goals which are 
rarely in conflict with each other. They are: 

(1) To train students in research techniques, 

(2) To provide state-of-the:art information in fun- 
damental and applied research^ and 
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(3) To conduct research as a source of financial 
support. 

The pressure on research to generate university 
income permeates every level of the university. Tor 
example, it can influence the way development rnoney 
is allocated by the central administration. It can cause 
a scientist engaged in fundamental research to work 
on one system rather than another. Or, it can cause a 
shift in direction towards applied research. 

Atone major private eastern university, an individ- 
ual doing fundamer;tal research with nuclear Magnetic 
Resonance (MMR) cliose to work on biochemical prob- 
lems related to cancer because the funding by the 
Cancer Institute exceeded that available for structural 
chemical problems related to energy research. This is 
not a judgment on whether such influence is good or 
bad, but simply that it exists. 

Yet, universities usually recognize that maintain- 
ing broadly based programs is essential to their mis- 
sion. University administrations allocate income to 
help maintain scholarship in the sciences, humanities, 
and the arts. They must be sensitive to those areas 
that cannot be easily funded because they have no per- 
ceived practical value, fiet dollar drain from income 
producing units, however, can set up counter-tensions 
within the university that may cause it to challenge its 
own mission and affect its capability of meeting indus- 
tnal needs. 

The respective objectives and functions of uni- 
versity and industry also affect their perceptions of 
success. University value and reward systems, power- 
fully reinforced by years of massive federal funding of 
basic research, it is observed, have operated to show 
preference for theory building over applications, anal- 
ysis over design, abstraction over operations. Conse- 
quently those things of prime importance to industry 
frequently receive secondary status at universities. 
Industrial commitment to basic research has declined 
since its heyday in the '50's and early '60's, though it 
is now rising within the past five years. Purportedly 
its recent commitment has been to incremental im- 
provements on old products and processes (David, 
1979; Bromley, 1982). 

Thus, there are important mismatches in the 
respective value systems and time concerns of univer- 
sities and firms and these can be intensified by a trend 
in industrial decision-making that favors short-term, 
low-risk projects (Smith and Karlesky, 1977; Plason 
and Steger, 1978; Shapero, 1979; national Commis- 
sion on Research, 1980). 

There are, however, common grounds in the ob- 
jectives of both research systems, and there is prece- 
dence for minimizing the gaps between the goais and 
functions of the two systems and establishing effec- 
tive linking mechanisms. There have been historical 
examples of highly productive convergences between 
the two institutions. The most obvious and dramatic 



convergences have been achieved in times of war. But 
there are other examples of successful interactions. 
In the 1930's, General Electric supported Dr. Bridg- 
man's basic research in high pressure physics at Har- 
vard University. He later won the Fiobel Prize for his 
work and General Electric developed a process for 
making industrial diamonds. 

While the interactions that exist are constrained 
by the mismatches between the two systems, they are 
also stimulated by the needs of each type of institution 
and the way these needs coincide with the capabilities 
of the other to satisfy them. 

Economic need on the part of universities, as indi- 
cated before, has been one recurrent pressure towards 
convergence. Universities have turned to industry and 
have invented new programs that would be of interest 
to industry. One such example was the development of 
MITs Technology Plan. After World War I, the state of 
Massachusetts discontinued its supprirt of MIT. This 
school then devised a program to attrac^ihdustrial 
support. 

An obvious overlapping interest of the two institu- 
tions is the production of well-trained and educated 
students Furthermore, industries are continually seek- 
ing new ideas, new knowledge, and fundamental con- 
cepts, precisely the goals of research at universities. 

The differing objectives and functions of the aca- 
demic and industrial sectors are reflected in their dif- 
ferent organizational structures. Universities tend to 
be more pluralistic. The faculty form the framework of 
the organizational structure. Industry is structured for 
goal-oriented outcomes. Therefore, it generally follows 
a more hierarchical, structured plan. The differences 
in structure can confuse those areas v^ere objectives 
and functions of the two sectors do overlap. 

Likewise, the regions of overlap of the goals and 
structures of the two systems have a diversity which is 
reflective of the many different goals of the institutions 
subsumed within these two headings. Therefore, seek- 
ing out and matching two institutions with mutual 
interests can be an overwhelming endeavor. 

It Should be remembered that there are great var- 
iations contained within the omnibus headings "uni- 
versity" and "industry." There are more than 2,000 col- 
leges and universities, and 14 million businesses, not 
counting the subdivisions of corporations. Each has its 
own structure and organization, and this further com- 
plicates discovering areas of mutual interest. However, 
to put this in more realistic perspective, the bulk of 
U.S. research is indeed conducted within 20 major 
research universities and 20 corporations. 

In the next two sections, we review the complexi- 
ties of the structures of each of the sectors. Then we 
review how these differences^can affect university/ 
industry cooperation. In Chapter VIII (p. 47 fT) we con- 
sider how differences in goals and structures within 
each sector can affect research interaction. . 



I 

Er|c 34 



B. Institutional Structures 

1 . Industry Structure for University 
Research Interaction 

The diversity of industrial organizational struc- 
tures interfacing with the university in cooperative , 
research produces an occasional sense of frustration /' 
when one looks for a single number to describe thj2 
extent of support provided by a single company , for 
university research, or wishes to obtain from a single 
company representative a reasonably complete descrip- 
tion of the scope of such support and copjperation 
throughout the company. To get a complete picture of 
a large corporation's involvement with university re- 
search, data must in principle, be obtained from per- 
haps 20 to 50 individuals within the^company, given 
the many operating divisions of a General Electric or 
du Pont, rievertheless, some understanding of this 
corporate structure is necessary order to appreciate 
the richness of interactions that/ is possible between 
university and industry, even /'when we restrict our 
interests to research. / 

Although the precise organizational structure 
varies from company to (^mpany, there are.general 
patterns and structures^Which correlate with the var- 
ious mechanisms for i;esearch interaction. The basic 
elements that are engaged in university relations are: 

(1) Corporatefoundat/on for financial suppbit^f 
external activity charitable, educational, cultural—/' 
which may add'value to the environment in which a 
corporation operates, but is not in the direct support 
of a specific business need. 

(2) Corporate central laboratory, which noi^rnally 
provides' technical support for existing and future brod- 

\ ucts and processes throughout the company calling 
\ for ;5pecialized or longer range effort, and whijih can 
1 pursue investigations in new technical areas, or in 
1 relatively basic science and engineering prograrns that 

ca/i be the source of new products and processes, and 

even new business interests. / 

(3) Divisional laboratories, whicH provide direct 
support for the products and processes of a particular 
division, and develop new products and processes for 
the established business interests of vhat division. 

(4) Operating un/fs of the corporation* which man- 
ufacture and distribute the products that make up the 
business of the corporation. (This study covered indus- 
tries engaged in manufacturing or in providing tech- 
nical services such as utilities. It has not been con- 
cerned with the bulk of the service industry— banking, 
retailing, entertainment.) 

As a reminder, a few of the mechanisms for re- 
search cooperation as covered in this study are: 

(1) Fellowships which are intended to be used for 
research personnel by a particular technical depart- 
ment or in a particular technical area. 



(2) Research grants intentled for a particular 
technical department, a particular technical area, or a 
particular research program. (These can include re- 
search operating costs and/or equipment.) 

(3) Research contracts with specific- economic 
aims. 

. (4)/ Joint research programs Involving both uni- 
versit/ and industry activities, and usually involving 
industry funding of the university portion. 

The above are simply highlights to facilitate dis- 
cussion in this section. The many forms that these 
mechanisms can take are illustrated in the anecdotal 
data of this study (Chapter IX). 

Let us consider how the principal corporate enti- 
ties already mentioned engage in these several forms 
of research^ cooperation. 

Industrial foundation support of university re- / 
search in most cases is directed toward education andy 
training. Some foundation directors indicated that 
because they\had limited funds, they concentrated on 
supporting the schools where they hired the majority 
of their professional staff. A few limited the giving to 
areas related to their own technical interests, e.g., they 
would give only to engineering schools. And a few said 
they gave only to private schools because they felt they 
already contributed to public schools through taxes, 
but many who stated that this had Ipeen company policy 
in the past indicated that this was changing. 

The corporate foundation will rarely support a, 
project or grant for specific research. It can be the 
principal source of research fellowships, justifying 
these primarily because they provide for educational 
needs of individuals, nevertheless, the allocation of 
fellowships is likely to be to those departments, in 
. those areas, and to students of those professors per- 
ceived to be relevant to the technical needs of the 
laboratories and/or of the business interests of the 
company. Thus, a mining company is not generally a 
good source of research fellowships for a biology 
department, nor is a pharmaceutical company a likely 
source for fellowships in metallurgy. 

The corporate foundation may also be a source of 
funds for a broad research area, e.g., genetics, or for . 
a research center or institute. I^n such instances, bene- 
fits must be perceived as accruing to an entire industry 
or all industries, and such funds would not be ear- 
marked for a particular research program required by 
that specific company. 

Any research laboratory, corporate or divisional, is 
normally free to use its own operating funds for any. 
forms of university research cooperation. It is less 
likely to use such funds for fellowships, since other 
corporate sources can be called on, particularly when 
a foundation exists. Since divisional and corporate lab- , 
oratoriesjare financed in accordance with the separate 
functions and needs of the respective business units, 
they*w(ll each establish linkages with universities in 
light ortkese separate requirements and opportuni- 
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ties, not as a part of a coordinated corporate-wide 
master plan for supporting university research. This 
is a funclatiicntal aiusc for dispersal of data concern- 
ing the university relations of a particular company. 
Of interest to academic scientists is that a corporate 
or central laboratory is more likely to conduct basic 
research and be attuned to university research. 

rinally, there are many operating units of a large 
corporation. They may support university research on 
tfie~basis of either geography or subject matter. "Geog- 
raphy" may be interpreter] loosely as being a good cit- 
izen of the city or region. Thus, a manufacturing or 
assembly plant will support the local hospital the local 
symphony orchestra, and the local university. General 
support is not included j^n this study. However, when 
the local university is known for a center of excellence 
in a particular technical area or can make a good case 
for developing one, the corporate unit may provide 
some funds on the basis of citizenship rather than 
subject matter. 

But subject matter can indeed be a basis for sup- 
port by operating units, and the case can be compel- 
ling when a university is also close geographically. A 
manufacturing plar.c is concerned with product design 
and. with specific manufacturing processes. Support 
can be justified in areas that bear on productivity, e.g., 
robotics or control systems, or operating conditions, 
e,g., epidemiological research related to air and water 
conditions, and on specific product design compo- 
nents, e.g., material. The point is V^at operating units 
throughout a company can suppor. university research, 
usually in engineering fields and i elatively short range, 
but not necessarily. Such support may not be reported 
or even well known throughout the company, except in 
the individual accounts of that operating unit. While 
corporations will segregate any expenditures when 
there is a tax advantage in doing so, a research pro- 
gram that is expensed in the year it is paid for, and^is 
therefore simply another item in the cost of sale, offers 
no such advantage. Thus, there may be a number of 
independent sources of support for university research 
from operating units that are not known to a central 
source of corporate data. 

In principle, this multitude of sources within a 
corporate structure for supporting university research 
would seem to be simplified by the fact that the larger 
research-oriented corporations may have an individual 
or group charged formally with university-industry 
relationships. Where this exists, coordination acts to 
facilitate such relations and provide support for sepa- 
rate organizational units when helpful, not to take 
responsibility for the totality of company actions. In 
fact the guiding principle is normally to encourage 
direct interaction between the research personnel 
within the company and those of the appropriate uni- 
versity, and thus decentralize such arrangements. 
Hence, there are usually a large number of linkages 
proceeding independently throughout the technical 
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- Structure of a large corporation, the results of which 
tend to appear within the operating budgets of the 
individual laboratories or business units. 

In summary, then, corporate structure leads to ^ 
multiple sources of corporate support for university 
research cooperation. This makes a truly complete 
picture for the scope of such interactions difficult to 
obtain. 

The information gathered through interviews in 
this study indicated that indeed companies use a wide 
variety of mechanisms in support of university re- 
search, and that industrial support can come from 
many organizational units within the company. Most 
industrial, representatives interviewed said that sup- 
port by their companies was decentralized, and con- 
firmed that it was extremely difficult to get an exact 
figure of corporate support of university research. How- 
ever, most seemed to believe that the largest funding 
for support of cooperative industry/university research 
came from the corporate research laboratory, and to 3 
lesser extent from divisional research laboratories. 
Managers in operating divisions were said to be not 
inclined to support university research unless they had 
a specific problem to solve, because they were under 
immediate pressui to justify their operating budgets 
in terms of output. Most company and university repre- 
sentatives pointed out that the product manager is 
anxious to spend money on the problems of today 
rather than long-range ideas. He is not interested in 
designing new prototypes. One academic investigator 
thought the company would, under particular circum- 
stances, provide support for a university to build a 
prototype. He cited the Swan-Gans catheter as an 
example. If a relationship is established with people 
who make decisions and have funds, then he thought ^ 
support from industry for new products was possible, 
but difficult to obtain. 

2. University Structure for Industrial 
Research Interaction 

Universities are far fewer than industrial firms and 
are far more homogeneous. Thus the university struc- 
ture for administering research is not as diversified as 
the private sector. There is a faculty responsible for 
research as well as education, and a central adminis- 
tration (including the dean of the graduate school and 
the office of academic affairs) which facilitate these 
research efforts. University faculty initiate, govern, 
manage and carry out research programs, and can be 
regarded as the permanent officers of the university. 
Such a definitive statement about faculty control over 
administration is not the case at all universities, how- 
ever, faculty committees usually monitor the overall 
research efforts of a university. Academic research is 
carried out under faculty guidance within academic 
departments, at research institutes, or in specialized 
research laboratories. It is very rare that a center or 
institute director does not have a faculty appointment. 
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The university's central administration normally 
acts to coordinate administrative procedures and facil- 
itate the research efforts of the faculty. At many uni- 
versities, there is a vice president for research who is 
in charge of these activities (Tables 8 and 9). He is 
responsible to a provost or vice president of academic 
affairs, in those cases where there is no university 
research officer, it is the responsibility of the academic 
vice president to oversee these matters. In a few cases, 
the Academic Vice President and Chief Research Admin- 
istrator hold separate but equal positions. Both public 
and private universities have offices of development 
which receive gifts only, including those, from indus- 
try, and offices of sponsored programs which receive 
funds for externally supported research with a specific 
purpose./ normally, in both public and private univer- 
sities, these are two separate offices under separate 
administrators and with minimal contact between the 
two. The office of sponsored programs at all the insti- 
tutions we visited was under the direction of the uni- 
versity official ultimately responsible for the admini- 
tration of research. At one institution visited, the 
Office of Sponsored Programs and the Development 
Office were under the Vice President for Aqademic 
Affairs. In another case, there was no office of devel- 
opment per se, and all research was administered by 
the Graduate Dean. 



The Development Office generally receives funds 
that are put in the trust or endowment accounts of the 
universities and are applied to a general operating 
budget of the university. Many gifts are restricted, e.g., 
earmarked for research, sometimes even for a specific 
area of research, fi nds donated for industrial liaison 
programs or even focused liaison programs are fre- 
quently received by the Development Office. Equip- 
ment gifts and loans can be administered through the 
Office of Development as well as funds for research 
facilities and endowed chairs. 

Development Offices are structured to attract con- 
tributions. Their budget is sometimes related to the 
funds they attract. They must demonstrate activity.. 
Development office figures can be inflated. Sometimes 
there is double accounting— a corporate grant solic- 
ited as part of external fund raising by the develop- 
ment office may go to fill a specific research request 
and therefore also be accounted for by the Office of 
Sponsored programs, foundation grants from com- 
panies are not necessarily unrestricted gifts, founda- 
tion grants also come to the Office of Sponsored Re- 
search, There is difficulty concerning When to classify 
such an award as a gift. This is an important issue for 
the university. If it is a gift, there is no tangible service 
income (overhead), and the Internal Revenue Service 
does not make it clear where to draw the line. Many 



University 



U. of Arizona 
1980-81 

U. of California 

{San Diego} 
1980-81 

U. Of Colorado 
1980-81 



Colorado State U. 
1980-81 

U. of Delaware 

1979- 81 

U. of Illinois 
(Urbana) 

1980- 52 



Louisiana State U. 
1980-81 



U of Michigan. 
1981-82 



Michigan State U. 
1980-81 



Table 8 

Patterns of Research Administration: Public Universities 



Research 



Central Administration 



Graduate School Office of Academic Affairs 



V.P.-Research 
Academic V.P. 



V.P.-Research & President, 
CSU Research Foundation 



Assoc. Dean for Grad. 
& Research Programs, 
College of Engineering 
& Applied Science 



Univ. Coordinator for 
Research 

Assoc. Dean and Assoc. 
Vice Chancellor for 
Research (Grad. 
College) Two Assistants 



V.P. Instruction and 
Research 

Vice President of Research 



V.P.: Research and 
Graduate Studies 



Acting Academic V.P. 

Provost & V.P. for 
Academic Affairs 

Vice Chancellor for 
Academic Affairs and 
Acting Vice-Chancel'or 
for Research (Campus 
Officer) 

Baton Rouge Campus; 
Vice Chancellor for ; 
Academic Affairs 

V.P. for Academic Affairs 



Development 



S.D. Campus: Spec. 
Ass't. to Chancellor: 
Development 



Assoc. V.P. for 
Development 

V.P.-University 
Development 



V.P.-Unlversity 
Relations and 
Development 

V.P.-University 
Development 
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Table 8 — Continued 
Patterns of Research Administration: Public Universities 



University 




\' Research 




Development 




Central Administration 


Graduate School 


Office of Academic Affairs 




'J. of Minnesota 
\ 1980-81 






V.P.-Academic Affairs 
(Central Administration) 




U. of North Carolina 
1980-81 


V. P. -Research and Public 
Service 




V.P.-Academic Affairs 


Vice-Chancellor, 
Development and 

Piihlir Rprv/irp 


. North Carolina 

Rtatp UnivPTQitv 
1980-82 


V. Provost and Dean for 


V. Provost and Dean' of 

(^raHiiatp Rrhnnl 






Purdue Unix/ersitv 
1980-82 


V P Research Dean 

V «l • 11 WW well ^1 1 1 ^WCII 1 

Graduate School 






V P -Develoompnt 


U. of Texas 
1979-81 




V.P.-Research 


V.P.-Academic Affairs 




Texas A&M 
1980-81 


V.P. -Academic Affairs 
(Central Administration) 






V.P. -Development 


U. of Utah 
1980-81 ■ 


V.P.-Research 

\ 




V.P.-Academic Affairs 
(Central Administration) 

Twn A^QiQtantQ 




U. of Wisconsin 


• 


Dean for Graduate and 
Research Programs 






Clemson University 




Dean of Graduate 
School & University 
Research-. 


Provost & V.P. for 
Academic Affairs 




Georgia Institute of 
Technology 


Vice Chancellor, Research 


V.P.-Research 
(Institutional Adm.j 


V.P.-Academic 
Development (Central 
Administration) 


V.P. -Institute Relations 
and Development 



academic administrators were concerned because 
some companies are unwilling to pay overliead. Many 
times these companies give tlieir support tlirougli tlie 
development office, which does not c harge overhead. 
Tlieir point Is that they wish the full ^lim of money to 
be spent on research. 

At most state universities, the Development Office 
is closely linked to, or is an integral part of, a univer- 
sity foundation. These foundations were developed 
to separate certain university activities and funding 
sources from state funds and regulations. Developing 
a better Interface with industry was an original objec- 
tive of one of the first foundations, the Purdue Re- 
search Foundation. Several state universities, Minne- 
sota, Colorado, Arizona, and others, have followed this 
model. Usually these foundations work on their own in 
solicitation of funds. Sometimes they will have a sep- 
arate division or a unit for a specific purpose, e.g. 
development of a research park. In what may be an 
emerging trend, some university research foundations 
have established separate entities to handle industrial 
contract research. One example of such a foundation 
is at Texas A&M. 

The Office of Sponsored Research (or Office of 
Grants and Contracts) is generally responsible for 
negotiating agreements for all externally sponsored 
research. The patent office or attorney is usually allied 



with this division, and it is within this office that univer- 
sity research administration policies are established 
and records kept. In their accounting systems, most 
universities in the past have only kept records on the 
immediate sources of funds but not on the ultimate 
source. Thus, a contract from an engineering firm may 
well be a subcontract fi om a federal contract with the 
company. Furthermore, most universities do not dis- 
tinguish between private foundation, industrial founda- 
tion, and industrial funds. Th ^y categorize funds as 
derived frbm federal, state, local, and private sources. 
Because of the relatively small percentage of spon- 
sored industrial support in the past ten years, there 
has been no real need to separate it out. 

There are many cases of industrially supported 
research that does not flow through the norma! admin- 
istrative and accounting procedures. Industry gifls for 
research are sometimes given directly to individual 
investigators, research departments, or technical units 
of universities (schools of engineering, agriculture, 
etc.), centers, and Institutes. This money may or may 
not be processed by either the development or spon- 
sored program office. Professor X will get a gift and is 
also engaged in providing some professional servicies 
for the company. This has been especially true in the 
pharmaceutical area. 

Occasionally, professors will set up special accounts 



EKLC 



29 



38 



where they deposit money received for consulting with 
industry. These accounts may be separate from all 
other accounts established by the university account- 
ing systems. They are frequently used as discretionary 
accounts for research. One such account is the 'Mer- 
cury Fund" at Duke University. 

The Mercury Research Fund provides the depart- 
ment with unrestricted money which allows it to hire 
extra research associates or send students to various 
places. In one instance, an industrial hygienist was 
hired to carry out measurements. Although he was 
originally hired on "Mercury Fund" money, he is now 



supported on contracts. This fund also allou^s for 
faculty salary supplements of up to $8,000 or $10,000. 
It has a departmental code as a university account 
but by gentlemen's agreement a department member 
wishing to use these funds has to seek approval from 
those who pay to the fund most frequently. If the pro- 
fessors who make contributions leave the university, 
the fund is still the university's, under control of the 
department. 

The advantage of this fund is that it can help to 
launch projects speedily, or to support projects of an 
unorthodox nature. 



University 



California Tech. 
1980-81 



Carnegie-Mellon 

University 
1981-83 

Case Western 

1979- 81 

Clarkson College 

1980- 82 



Duke University 
1980-81 

Harvard University 
1980-81 



Lehigh University 

1979- 81 

MIT 

Princeton U. 

1980- 81 



Rensselaer Poly- 
technic Institute 
1980-81 

Rice University 

1979- 81 

U. of Rochester 

1980- 81 

Stanford U. 
1980-81 

Vanderbilt U. 
1980-31 

Washington U. 
1980-82 



Yale University 
1980-81 



Table 9 

Patterns of Research Administration: Private Universities 



Research 



Development 



Central Administration 



Graduate School 



O^'-ne of Academic Affairs 



Associate Director of 
Financial Systems for 

Research Administration 

/ 

'V.P. -Research 



V.P.-Research 



Director of Research and 
Project Administration 



Administrative Comm. 
System: Chairman. 
Sponsored Research 
Committee 

Dean» Three Associate 
Deans 



Dean. Graduate School 
& Dirwctor, Division of 
Research 

Dean of Graduate 
School 



Dean, Graduate School 



Dean, Graduate School; 
Asst. Dean, Engineering 
& Applied Sciences 



V.P.-Undergraduate and 
Graduate Affairs 



V.P.-Academic Affairs; 
Prov. ^t & Vice Provost 
for R'-^earch 



Dean of Advanced 
Studies and Research 

Univ. Dean 
Graduate Studi6 . 

Dean of Graduuie 
Studies & Research 

Dean of Graduate 
Schcc! 

Dean, Graduate 
School of Arts & 
Sciences; Two 
Assistants 

Dean of Graduate 
School 



V.P. University 
Development 

Director of 
Development 



V.P.-Development 



V.P.-Development 



Office of Development 



Executive Director of 
Development 



University Officer tor 
Development & 
Alumni Affairs 



30 



For example, the Mercury Fund was used to 
help a student do research on pneumoconiosis, a 
disease of the kint»s. People with pneumoconiosis,,,,^/ 
arc exposed riiost frequently to both silicon and 
carbon. The question was whether the damage to 
the lungs was by the silicon or the carbon. A student 
at the university had a brother-in-law from Sri Lanka 
and she thought of the idea of going to Sri Lanka to 
study people who work in the graphite mines there, 
because these people would only be exposed to 
carbon, and not to silicon. T^e Mercury Fund funded 
her trip to Sri Lanka. Her research showed that the 
lungs of these people were filled with coal, but the 
pulmonary function was normal, and she was able 
to establish that silicon is the problem in pneumo- 
coniosis. 

Despite the difficulty in tracking some sources of 
support, several scientists and administrators have 
pointed out that the university system of administering 
grants and contracts has evolved after thirty or more 
years of dealing with the government agencies, and 
that even if there is a large increase in industrial sup- 
port, it must be properly integrated into the adminis- 
trative syistem. Others felt that there will have to be 
some change in sponsored researcii administration, if 
there is in fact a large increase in industrial support. 
One of the reasons given is the great diversity of the 
industrial firms themselves, as discussed in the pre- 
ceding section and Chapter VIII. It is helpful to know 
whom to contact and how to approach different admin- 
istrative units. This may require special administrative 
procedures and structures. 

C. The Role of Administrative Structures and 
Units in Fostering University/Industry 
Relationships 

On the university side, as stated in the previous 
section, there is normally a clear demarcation between 
the Development Office responsible for expanding the 
university' endowment by raising funds from corpora- 
tions, alumni, and foundations, and the Research Con- 
tract Office, which specifically helps develop and ad- 
minister research grants. Sometimes this demarcation 
can be a frustration in developing cooperative univer- 
sity/industry research ventures. 

In the past, there has been no barrier to industry 
directly approaching individual research scientists, 
with the Research Office playing a role only when 
negotiating grants or contracts. Most university/indus- 
try research interactions still develop, at first, between 
scientists. But, at many universities, the research con- 
tract office has recently been given the task of helping 
to develop increased research interaction within indus- 
try. Out of the 39 universities we visited, approximately 
50% had industrial liaison offices or positions, and 
approximately 50% were newly appointed positions or 
newly reorganized offices. 

As the perception of industrial interest in univer- 
sity activities has increased, the Research Office has 
become much more concerned with patenting and 
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contractual negotiations with industry. At least one pri- 
vate southern university has made a great effort to 
develop schemes for profiting from university innova- 
tion with the help of an external consulting firm. Many 
university scientists feel that innovative ideas are not 
getting out and finding industrial connections. Increas- 
ingly, universities have hired patenting officers or 
industry liaison experts who actively seek out potential 
innovations and present them to industry. In Chapter 
IX, we discuss the recent patenting activities of univer- 
sities in greater detail. 

There are few administrative or structural barriers 
to industrial interaction in the universities, but there 
are perceptions of barriers (e.g., the universities' 
departmental structure, patenting, and licensing activi- 
ties; see Chapter VI!). This may well change as univer- 
sities seek to protect their interest in innovation. An 
example is the case of the University of California, 
which claimed patent rights over gene segments and 
became involved in litigation Vi^th the Roche Institute, 
of Molecular Biology. Despite potential areas of fric- 
tion, most contracts can be negotiated with a mini- 
mum of difficulty on the university side. 

While most university research units are science 
aiid engineering departments, there are also signifi- 
cant numbers of non-departmental centers and lab- 
oratories. Many of these are multi-disciplinary and can 
serve as foci for industrially funded multi-disciplinary 
efforts. In a few cases, the basic science units and engi- 
neering schools are combined into institutes of tech- 
nology (the University of Minnesota, the University of 
Michigan, and Case Western Reserve), Two private uni- 
versities (Chicago and the California Institute of Tech- 
nology) are organized by division rather than college. 
Both of these organizational structures were seen as 
facilitating the initiation of multidisciplinary efforts, but 
their existence is not necessarily tied to above average 
levels of industrially sponsored research. 

Many believe that in order for there to be substan- 
tially increased collaborative work between industry 
and university research systems, the universities must 
be able to provide the team and/or a project approach. 
However, there was no relationship between the number 
of multi-disciplinary units arid the level of industrial 
support of university research. An encouraging attitude 
towards multi-disciplinary efforts and flexibility within 
the organizational units were more facilitating for 
mutually beneficial collaborative efforts than the fact 
that such multi-disciplinary units exist. 

An important trend in universities is the develop- 
ment of management structures utiich make it rela- 
tively easy to develop collaboration with industry or 
to create university spawned industrial enterprises. 
These are usually related to engineering-based enter- 
prises, although in future years they may increasingly 
become related to molecular biotechnology. These 
structures include the establishment of buffer organi- 
zations, either non-profit or profit, or institutes within 
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the university in which contributions on the part of 
professors and students can be made directly to the 
industrial enterprise (see Chapter IX). Examples of 
these are the University of Utah Research Institute 
(UURI); the Washington University Technology Associa- 
tion (WUTA), headed by the Dean of the Department 
of Engineering; and the Center for Manufacturing Pro- 
ductivity and Technology Transfer founded at Rens- 
selaer Polytechnic Institute. Such institutes or centers 
can be wholly within departments and schools or totally 
external to the university. They seem to work best when 
they are under direct control of no more than a few 
individuals within the university structure. 

There are several advantages in setting up such 
institutes. Tor directed research, industry generally 
requires a concentration of manpower brought to bear 
for a relatively short time in a multi-disciplinary setting. 
QencraIIy> because of academic constraints, unless the 
university sets up external mechanisms such as cen- 
ters and institutes, they cannot respond to this l^ind of 
industrial need. 

Another advantage of separate institutes and cen- 
ters is that projects can be readily terminated. The 
research personnel associated with such projects can 
be reallocated without affecting the basic tenured 
faculty pool or the academic calendar. Many universi- 
ties, however, are still resistant to undertal^ing those 
industrial research projects which are time-intensive. 
They will only take on projects whicli generally fit into 
the educational enterprise. 

Increasingly, the central administration of univer- 
sities are beginning to play a role in fostering univer- 
sity/industry relations. Tor example, the president of 
one eastern state university is actively negotiating for 
the establishment of a research park adjacent to the 
university. Presidents who have cultivated their long 
term relationships with industry are proving to be 
invaluable to their constituencies. Many successful uni- 
versity/industry interactions have been cultivated at 
two levels — president to president and research scien- 
tist to research scientist. 

While industry has relatively easy direct access to 
the university research base, access of the university to 
the industrial research base can vary from relatively 
easy to bewilderingly difficult. Very- often, it is simply 
due to the complexity of the corporate structure or the 
lack of centralized information or a formalized chan- 
nelling system, as noted in the previous section. Some- 
times, the difficulty is due to the confidentiality assoc- 
iated with an industrial laboratory. 

The need on the part of industry for secrecy or 
legal documents before communication of industrial 
technical data or concepts can take place is again 
sometimes perceptual or traditional, or related to the 
proportion of scientists in the higher management of 
tiie industry. Tor example, nowhere in the United 
States is industry as closely allied to the university, or 
as intricately interactive, as is the chemical industry 



with universities in Germany. The interaction largely 
results from a management structure in the German 
chemical industry which, at the highest corporate 
levels, contains individuals who are simultaneously 
university professors as well as corporate executives. 

Industries, as described previously, vary widely in 
the structures they have developed to interact with the 
universities. Large research-oriented corporations 
oflen have the whole range of interactions described, 
where competitiveness and^secrecy needs permit. In 
one large petroleum corporation, for example, there is 
no unique entry point into the system for a university- 
based scientist. That corporation has a constantly 
updated data bank of outstanding university scientists, 
and uses that both as a consulting pool and as the 
basis for making unrestricted grants. Smaller com- 
panies generally do not have such resources (see 
Chapter VIII, pp. 48-49). Corporate administration, ob- 
jectives, and structures within industries range widely 
and influence university relations. 

The relation with universities is often based directly 
on the way a particular company regards its own cor- 
porate research interests and structured to meet these 
interests. Tor example, two large companies in the 
petroleum industry have very different relations with 
universities. One focuses primarily on consulting agree- 
ments, which are highly individualized; secretive, and 
very directed. The other spans the broad range of inter- 
actions. The difference in this approach is in part tradi- 
tion and in part the standing of the corporate research 
entities in the two companies. In the company with 
extensive university relations, its own research group 
is relatively autonomous and concerned with new direc- 
tions. In the other corporation, the research group is 
a part of the operating structure of the organization, 
and is more directed and* responsive to short-term 
corporate goals. 

In one midwestern consumer product company, 
research is completely related to the marketing struc- 
ture of the company. At the beginning of the decade 
(1970), the company decided to deemphasize cor- 
porate research. This company's present contribution 
to university research is minimal and ted to product 
development. Other consumer product companies 
have large commitments to research and develop- 
ment as well as to marketing. One such company has 
recently made a significant effort to support university 
research. 

Most pharmaceutical houses have extensive direct 
research connections with the universities, to the point 
of contracting with universities for statistical evalua- 
tion of drugs in medical school patient populations. 
But one pharmaceutical house is foundation-owned 
and is structured to do most of its research exclusively in- 
house. Its support for universities is primarily through 
fellowships and by providing adjunct faculty free of 
charge to teach at local universities. 

In the computer industry, most companies have 
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well-developed corporate research structures. One 
large computer tlrm rivals the universities in the funda- 
mental nature of its own research, nevertheless, it 
maintains strong ties to the university, through the 
whole range of peer interactions, fellowships, ano cor- 
porate giving. On the other hand, a midwestern based 
computer corporation prides itself on contracting 
most of its basic research to the universities. It does 
not have a corporate research laboratory. Such large 



differences in corporate outlook, which can be re- 
flected in corporate structures and objectives, some- 
times relate to the attitude of single individuals. To 
what extent these factors responsible for differences 
within industry can affect the outcome of a cooperative 
arrangement is a subject for future study. We simply 
note here that these factors do make a difference. We 
discuss sectoral differences in university/industry 
research interactions in more detail in Chapter VIII. 
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CHAPTER VII 



THE IMTERTIAL DYNAMICS OF UNIVERSITY/ 
INDUSTRY RESEARCH INTERACTIONS 

Through the development of case histories of uni- 
versity/industry research interactions and discussions 
with key representatives of the university, government 
and industry research sectors, we were able to charac- 
terize many of the barriers, motivations, and proc- 
esses involved in forming these interactions. In this 
chapter, we present many of the recurring themes 
related to establishing and. managing these interac- 
tions. We then pro vide s^^nopses of several unique 
interactions. 

A. Motivations for Interactions 
1. Industrial Motivations 

Because of differing needs and structures, both 
the motivations for Interaction and the perceptions of 
those motivations differ to some extent between in- 
dustry and universities. 

Company representatives cited many reasons for 
their interest in establishing research interactions 
with universities. The following reasons were among 
those mentioned most frequently (Table 10). 

(1) To obtain access to manpower (students and 
professors). 

(2) To obtain a window on science and technology. 

(3) To solve a problem or get specific information 
unavailable elsewhere. 

(4) To obtain prestige or enhance the company's 
image. 

(5) To make use of an economical resource. 

(6) To provide general support of technical excel- 
lence. 

(7) To be good local citizens or foster good com- 
munity relations. 

(8) To gain access to university facilities. 

Access to high quality manpower is the prime 
motivation underlying industry's desire to establish 
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joint university/Industry research programs. Seventy- 
five percent of the company representatives asked 
stated that manpower was a motivating factor In their ^ 
support of university research (Table 10). Most stated 
it was the single most important motivator. Com- 
panies are partir.ularly interested in access to graduate 
students who are potential employees. Those indus- 
tries most concerned about the current shortages in 
technical manpower (chemicals, energy supply, and 
electronics; see pp. 54-57, 51-53, 58-61) are among 
the most vocal and active In the support of new pro- 
grams for university/industry research cooperation. 

Thus, science-based companies that arc expand- 
ing or have hlgh turnover rates of technical personnel 
are more likely to support university research vigorously. 
For example, after considerable concern and delibera- 
tion about the "manpower" crisis, Exxon announced a 
program of contribution, a $15 million grant to be 
utilized over 3-5 years, to 66 institutions to support 
graduate fellows and supplement faculty salaries. 
Atlantic Richfield will distribute $5 million over four 
years for students In science and engineering depart-, 
ments in over 30 universities. IBM contributes $1 mil- 
lion annually to advanced education programs at uni- 
versities. The Importance of manpower to chemical 
companies is seen in the following development. The 
new Council for Chemical Research (CCR) (see pp. 81-82) 
Is basing its membership fees on a formula related to 
the number of chemists and chemical engineers (B. S.; 
M. S., and Ph.D.) in the employ of member companies 
and CCR will distribute its research funds to depart- 
ments based on their production of chemists and chem- 
ical engineers. 

A large portion of industrial funding impacts stu- 
dents indirectly. Direct funding of research equipment 
general endowment money, or departmental unrestricted 
stipends all provide the kind of flexibility for research • 
and development critical to graduate training at the 
university. 
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Table 10 



Motivating Factors for Participating in University/Industry Research Interactions as Derived from 
Interviev/s with Scientists and Administrators at Institutions Surveyed in NYU Field Study 



Percent of Institutions Surveyed Where 
Motivations for U/l Interactions Cited By Interviewees Representatives Cited That Such 







Motivations Existed 








Universities 
(n = 39) 


Companies 
(n = 56). 


1. 


To Obtain access to manpower (students and professors). 


33/as motivating industry 


75 


2. 


To btain a window on science and technology. 


13/as motivating industry 


52 


3. 


To solve a problem or get specific information unavailable elsewhere. 


13/as motivating industry 


11 


4. 


To obtain prestige or enhance the company's image. 
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5. 


To make use of an economical resource. 




14 


6. 


General support of technical excellence. 


18/as m9tivating industry 


38 


7. 


To be OOOd IohrI citizens or foQtpr noori rommnnitw rolatinnc * 






8. 


To gain access to university facilities. ** 




36 


9. 


Industry provides a new source of money. This helps diversify the university's 
funding base. 


41 




10. 


Industrial money involves less red tape than government money, and the 
reporting requirements are not as time-consuming. 


28 




11. 


Industrially sponsored research provides student exposure to real world 
research problems. 


36 . . 




12. 


Industrially sponsored research provides a chance to work on an intellectually 
challenging research program which may be of immediate importance to society. 


24 




13. 


Currently, some government funds are available for applied research, based 
upon a joint effort between university and industry. 


8 




14. 


To provide better training for the increasing number of graduates goinq to 
industry. 


33 




15. 


To. g^Ci access to company research facilities and equipment.. 


23 





'Cited more often by administrators than scientists. 

** Including opportunities for education and training, adjunct professorships and personnel exchange. 



is a high priority in rapidly changing industries such 
as genetic engineering and microelectronics, which 
have recently stemmed from, or have close ties ta the 
university. For these industries, the technology transfer 
cycle is very short. They are evolving so rapidly that 
both the university and the industry must participate 
in all aspects of the cycle. Frequently, scientists men- 
tioned that access to manpower and obtaining a 
window on science and technology could not be sepa- 
rated from each other. 

Another related motivation is use of the univer- 
sity as a trial base for a new research activity. An 
industrial laboratory that is considering a new area of 
research may support such research in the university, 
where manpower is relatively economical, before mak- 
ing a major investment on its own. For example, one 
petrochemical corporation that wanted to develop its 
own resources in laser physics was motivated to isup- 
port a major project at an eastern private university 
in order to build knowledge from which to initiate its 
own program. 
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Although access to high quality manpower is the 
stated primary motivation underlying industrys interest 
in supporting university research, this motivation has 
many nuances and can be intertwined with a firm's 
additional motivations for interacting with universities. 
Thus, chemical company representatives look toward 
new employees that will provide a window on new tech- 
nologies which will help the company initiate new 
product or process lines. Hence, they will support uni- 
versity-sponsored Industrial Liaison Programs ifi bio- 
technology to gain access to potential employees. In 
another typical instance, a company has an unfore- 
seen problem with a product. After consulting with a 
loc:al professor, the company hires one of his students 
to solve the problem over the summer. Alternatively, 
the company contracts with the local professor to 
solve the problem and later hires the student who 
worked on it. 

The second most commonly stated reason for a 
company to interact with a university is interest in 
obtaining a "window on science and technology." This 




Another element of company motivation is pres- 
tige. This motivation was not always articulated at first. 
After considering many cases, the numerous press 
announcements, and the predominance of the larger 
programs of support at prestig ious universities, i t _ 
became evident, it was verified upon questioning com- . 
pany representatives that this motivation is not ins^lg- 
nificanL Companies Interested in a cooperative research 
venture wish to obtain the 'best' expertise. Companies 
often affiliate with major research universities because 
of their eminence. Some of the well-publicized, large- 
scale interactions contain a strong element of the 
desire to gain esteem. Affiliate programs may also fill 
this role. 

Another aspect of this point is an awareness on. 
the part of companies that support of "pro bono pub 
lico " research is good public relations. It will enhance 
their image. University researchers are happy with this 
arrangement because they get the benefit of support 
for research of their choice. One particularly good 
example where all parties benefitted was a United 
Technologies program in support of research in laser 
microsurgery. 

A research employee who had undergone lengthy 
surgery decided that laser technology could shorten 
the process and convinced the company to support 
a research program in this area. The company which 
had expertise in laser technology but no direct 
interest in fields related to biomedical technology 
was commended for its support. 

Industry also looks to the university to solve very 
specific scientific problems in which the university has 
specific expertise; Large companies have well-devel- 
oped networks of consultants whom they can call, on 
very specific problems, in a wide range of fields. Low 
technology industries may also come to the university 
for solutions to technical problems. 

For example, one southern state university has 
an engineering extension program that guides small 
industry in the state in problems of plant siting modi- 
fication, or structure. The function of these services 
is to disseminate mainstream knowledge and tech- 
nology, not to generate fundamental new knowledge. 
The benefit to the university of such services is often 
general good will rather than tangible financial con- 
tribution. 

Finally, and far. down the list of motivations for 
industry and university interaction, is actual innova- 
tion. We are distinguishing between new technical 
advances which may be a contributor to the process of 
inriovatlon, which industry would certainly welcome, 
and the development of a usable product or process, 
which is not normally expected. 

Industry rarely looks to the university for technolo- 
gical innovations that directly result in new products or 
processes. Furthermore, industry does not support 
university research as a planned stage of product 
development. In fact, if a company is interested in 
developing a product and must go outside its own 



research organization, the company is not likely to 
support this research at a university because of pro- 
prietary concerns and time constraints. 

A major petrochemical company, when ques- 
tioned about what percentage of Innovations over the 
decades had been derived from interaction with uni- 
versities, answered less than 10% (although some 
revolutionary technical concepts had come from uni- 
versity sources). Many other company representatives 
agreed with this figure. Industry has, by and large, not 
developed mechanisms for seeking out innovative 
ideas and products stemming from the university. 
However, as traditional sources of funding dry up^unj;^ 
versities are beginning to desire such connections 
with industry. 

It appears natural for the university, which per- 
ceives itself as an idea generator, to want to exploit 
ideas to support itself In needy times. However, except 
for such unique situations as gene splicing, industry 
does not have high expectation of receiving a signifi- 
cant number of direct innovations from the university. 

The difficulty is partly one of semantics. Innova- 
tion to a company scientist usually refers to the total 
process of generating and introducing technical change, 
e.g., invention plus exploitation. A "breakthrough" 
which is frequently the professor's idea of innovation, 
implies r» totally new concept, idea, or approach to a 
field, a new source of technical chanqe. Those who see 
how to develop these "breakthroughs" to fit society's 
needs, and/or wants, and who have the kn Pledge and 
background to do so, are usually found v/itr.in the com- 
pany while the breakthrough itself often emerges at 
the university. 

.2. University Motivations 

The reasons universities choose to interact with 
industry' appear to be simpler. An oversimplification 
is that universities seek money. The range of reasons 
is more sophisticated and includes the follovi^ng: 

(1) Industry provides a new source of money. This 
helps diversify the university's ftjnding base. 

(2) Industrial money involves less red tape than 
government money, and the reporting requirements 
are not as time-consuming. 

(3) Industrially sponsored research provides stu- 
dent exposure to real world research problems. 

(4) Industrially sponsored research provides a 
chance to work on an intellectually challenging re- 
search program which may be of immediate impor- 
tance to society. 

(5) Currently, some government funds are avail- 
able for applied research, based upon a joint effort 
between university and Industry. 

(6) To provide better training for the increasing 
number of graduates going to industry. 

The strongest motivation in the university for inter- 
acting with industry, far above all the others, is the 
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desire to obtain funds to strengtlien basic researdi and 
graduate training, and to support the facilities tliat make 
that research possible. This Is expressed in many ways, 
but frequently (417o of the time) researchers state It is 
important to diversify their sources of funding for basic 
research and industrial money is currently helping them 
accomplish this goal (Table 10). 

As government conditions absorb more of the sci- 
entist's time in non-technical tasks, he Is Increasingly 
motivated to seek industrial support. Twenty-eight per- 
cent of the time researchers said they sought Indus- 
trial funds to escape government red tape (Table 10). 

: Dnce a researcher convinces a firm to support his 

research, there Is usually much less detail Involved in 
administration of the program, nore time and energy 
are available for the research itself. 

Although it was not mentioned frequently as a 
prime motivation for interacting with Industry, twenty- 
three percent of the time researchers said they sought 
interaction with industrial scientists in order to use 
their research facilities and equipment. Such Interac- 
tion may increase as equipment obsolescence and 
shortages become more severe (Berlowltz, 1981). 



B. Barriers and Constraints to University/Industry 
Research Interactions 

In our discussions with both university and com- 
pany representatives, given the assumption that a 
university/industry research Interaction was seen as 
desirable by both parties, there was a consensus that 
there are no insurmountable barriers to joint univer- 
sity/Industry research Interactions, but several obsta- 
cles were outlined. The difficulties mentioned most 
frequently included patent and licensing conflicts. 
Information dissemination restrictions. Including pre- 
publication review requirements, and the handling of 
proprietary Information (Table 11). 

Others have stated that there are five key barriers 
which could prevent a given cooperative activity from 
being Initiated (Brodsky, et a/., 1979). These include: 

(1) Value Conflicts 

(2) Distance 

(3) Career constraints 

(4) Information dissemination restrictions 

(5) Patent conflicts 



Table 11 

Barriers to University/Industry Research Interactions Derived from Interviews with 
Scientists and Administrators at Institutions Surveyed in NYU Field Study 



\ Percent of Institutions Surveyed Where 

Barriers to U/l Research Interactions Cited By Interviewees Representatives Cited That Such 

Barriers Existed 







Universities 
(n = 39) 


Companies 
(n = 561 


1. 


Patent conflicts (patent and licensing arrangements Including 
whether or not to Issue an exclusive license). 


100 


23 




a. Patent conflicts 

b. Legal problems 


67 
38 


23 
0 


2. 


Information dissemination 


100 


43 




a. Proprietary rights 

b. Prepublication review 


74 
33 


32 
11 


3. 


Institutional differences 


79 


52 




a. Differing oDjectives and goals' 

b. Diffpri:tg administrative structures" 

c. Time frame differences 


18 
28 

33 


21 
13 
18 


4. 


Personal attitudes 


36/13 as a barrier to Industry 


16 


5. 


Communication networks 


28 


5 


6. 


Distance 


23 


20 


7. 


Concern for research facility and management" 


21 


11 


8. 


Career constraints 


21 


4 


9. 


OverJiead costs* 




4 


10. 


Decreasing federal funds 


0 


. 4 


11. 


Company expertise in a particular area 


0 


2 



•Cited more often by administrators. 
••Cited more often by scientists. 
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Of these, only the last two were consistently men- 
tioned by interviewees as potential barriers, though 
our studies indiaited that this may be more a percep- 
tual than actual barrier. On the other hand, the institu- 
tional differences, including value conflicts, which were 
mentioned as potential barriers by 79% of the univer- 
sities visited and 50% of the companies visited may be 
real barriers (see Chapter VI). 

University representatives always mentioned three 
problems encountered when initiating an industry 
research program (Table 11): 

(1) Patents and licensing arrangements 

(2) Pre-publication review requirements 

(3) Proprietary information 

Industrial managers discounted the first two as 
problems and were only half as likely to perceive the 
third as a stumbling block. They repeatedly suggested 
that such issues are negotiable. Many academic inves- 



tigators who have had extensive interactions with 
industry said that patents and licensing arrangements 
are not real problems. However, both partners agreed 
that negotiation between lawyers tends to bring out 
the inherent differences between a company and a 
university. This sets up ah adversary climate, delays 
establishing the interaction, and sometimes even pre- 
vents it from occurring. In this study, at least twelve 
documented cases were noted where legal differences 
had delayed, or even prevented a collaborative re- 
search interaction. 

Most universities will allow a company sponsoring 
research some time to review manuscripts resulting 
from the sponsored research for comment to ensure 
that they do not contain company proprietary informa- 
tion. The pre-publication review period allowed varies 
from university to university, but it is usually for not 
more than one year and, most frequently, for one to six 
months (table 12). Academic scientists conducting 



Table 12 

Prepublication Review Period at Universities Surveyed in NYU Field Study 



University 



Carnegie Mellon 

Case Western 

Clemson 

Colorado State 

Colorado School of Mines 

Johns Hopkins 

Lehigh 

Penn State 

Purdue ' 

Rensselaer 

Rice 

University of Arizona 

University of Chicago 

University of Illinois 

University of Maryland 

University of North Carolina, Chapel Hill 
University of North Carolina, Ralsigh 

University of Utah 

University of Washington 

University of Wisconsin. Madison 

Washington University 

University of Houston 

University of Michigan 

University of Delaware 

Georgia Tech 

Duke 

University of Minnesota 



Louisiana State 

Stanford 

University of Texas. Austin 

University of California. San Diego 

University of Rochester 

University of Southern California . 

Cal Tech 

Harvard 

Princeton . 

UCLA 

MIT 

Yale 



Publication Review Time 



30-60 days actually willing to delay 1 year 

usually 6 months, but departnnents differ 

N.A. 

N.A. 

none 

1 month 

N.A. 

40-60 days 
N.A. 

■6 months 
6 months 
variable 

no delay— Fermi institute, i month— Chemistry 

N.A. 

N.A. 

N.A. 

N.A. 

6 rnor..iis 

fishsnes — no revi':»w, Ci' departments "very strict" 

strictly regol .ac; 

N.A. 

N.A. 

negotiateo' 

held unt'l patent position clarified 
negotiated but always z time limit 
N.A. 

no delay— Insl. of Technology negotiated— Hydraulic Lab no research 

unless release in a "timely way" 

N.A. 

90 days for Cancer Bio Lab 

N.A. 

N.A. 

90 days 

6 mos.-1 year no research without eventual publication 
no delay 

1 day to 1 month 

N.A. 

N.A. 

N.A. 

30-45 days 



Note— N.A. = not available 
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frontier research are very sensitive to this issue, and 
are inclined to only allow a company to review the pre- 
publication for one week to one month. Since theirs is 
fast-moving research, they are in a particular hurry to 
publish their results. However, most university scien- 
tists are generally willing to delay a publication so that 
it can be reviewed for patent possibilities or, in some 
cases, for the time it takes to file a patent Their rationale 

/ . is that publication of an article often takes place a year 

/ or more after it is submitted. 

, Another difficulty from the university's point of 

/ view is that industrial support tends to come in small 
' short-term allotments, i.e., $10-20,000 for one year or 
less. While this is not a barrier per se it does constrain 
some university scientists in the effort they are willing 
to put forth to solicit industrial funding for their re- 
search. Government grants on the other hand tend to 
be for larger amounts and longer terms (Shapley etal 
1 980). Companies at least in the past have rarely been 
able to make long-term commitments to university re- 
search. Short-term commitments can negatively affect 
the quality of a given research program. At present, 
most companies appear not to be geared towards plan- 
ning for long-range basic research efforts. Some have 
commented that strategic long-range planning is sorely 
lacking in industry. Others suggest that science cannot 
be planned, though such statements call for careful 
definitions to avoid semantic misunderstandings. 

in many academic fields, there appears to be a 
psychological barrier to interacting with industry. The 
more basic the research, the greater the feeling is that 
industry will, in some way, impede the ability of the 
individual investigator to follow his own perceived 
optimal course. This psychological barrier on the part 
of university scientists is even true, in part, for indus- 
tries which have had minimum constraints on grants 
and whose principal focus has been on new graduates. 
This applies to chemical, petroleum, and computer 
companies, for example, which provide grants-in-aid, 
fellowships, and stipend::, with little red tape. W^ile pro- 
fessors who have received such funds recogiiize their 



importance and value, they still hesitate to enter into 
cooperative research prograrrls where they perceive 
that industry, through their directives, will constrain 
their research. i 

! 

! 

C. The Origins of University/Industry Research 
Interactions 

There are many ways to initiate university/industry 
research interactions. We have noted cases where a 
govemment official brought two parties together; cases 
where the president of a company decided it would be 
useful to give greater support to Universities and directed 
the research vice president to develop appropriate pro- 
grams; cases where industrial scientists catalyzed an 
interaction; cases where university presidents and cor- 
porate executives provided the initiative for a coopera- 
tive program; cases where a product manager sought 
the assistance of university scientists; cases where an 
industrial scientist and university scientist, through a 
joint effort, developed a program, and so on. 

It is not unusual for the seeds of joint efforts to 
begin in discussion at informal social affairs. One large 
program can be traced back to discussions between a 
university official and company official who had sum- 
mer cottages next to each other. Another program is 
reputed to have been started after discussions be- 
tween a university scientist and corporate president 
while they waited on a gas line. Discussions at con- 
ferences are also important in initiating future inter- 
actions. Tables 4 and 5 summarize the different fac- 
tors involved in the origins of various categories of 
research interactions. 

In the overwhelming majority of cases, the initia- 
tive to establish a university/industry cooperative 
research program comes from within the university. 
Tracing the origins of over 214 cases of university/ 
industry cooperative research showed that In only, 
about 15% of cases reviewed did the company start 
the interaction (Table 13). However, there are many 
instances when a company wishes to interact with uni- 



Table 13 



Variation in Origirt;'^ a-l U/l Coupling by Categories of Interaction^ 



Categories of Interaction 




Percent (%) of Total Cases 




University as Initiator 


Industry as Initiator 


Mutually Initiated 


Other" 


General Research Support 


/ 41.2% 


47.1% 


8^8% 


2.9% 


Cooperative Research Support 


66,4 


15.4 


8.9 


9.3 


Knowledge Transfer Mechanisms 


69.0 


28.6 


2.4 


0 


Technology Transfer Mechanisms 


85.1 


4.3 


2 1 


8.5 


Cooperaf/Ve Research 










Centers & institutes 


69.6 


15.2 


4.3 


10.9 


Grants and Contracts 


55.1 


21.8 


15.4 


7.7 


ILP & Research Consortia 


84.9 


5.5 


2.7 


6.8 


Other 


47.1 


35.3 


5.9 


11.8 



• Expressed as a % of Total Cases in Each Category Where Origin is Known. 
'"Includes: Gov't. Mediation, Alumni Actions. Community Actions 
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versities by hiring a consultant: a knowledge trans- 
fer mechanism. The company then makes the choice 
based largely upon the contacts and information of its 
own technical personnel, and this can serve to initiate 
a continuing interaction. 

As a general guideline, relationships between 
individuals are therefore most often the informal start- 
ing point for these interactions. The specific evolution 
of such Initial contacts into working programs can, 
however, follow different paths, as discussed in the 
following situations. 



initiation process still exists, but may be more gen- 
erally stated: / 

/ 

(1) Courtship: Exploring the feasibility of a match 
between university scientist and company program, 

(2) Marriage: Building a research relationship 
through selentist-to-scie^ist technical exchange. 

In spmmaty, a university/ industry cooperative 
research interaction is more lil^e|y to come about after 
there has been an interaction through an informal or 
non-institutionalized knowledge transfer mechanism. 



1. The Origins of a Cooperative Research 
Venture 

An academic investigator will frequently consult 
for the company with which he desires to develop a 
cooperative research program. Although he may be 
the, first to propose a cooperative research program 
with the company, we point out again that consulting 
arrangements are most often initiated by a company. 
These consultancies are then often the nucleus of a 
larger university/industry research program. 

Industry makes an effort to identify young, promis- 
ing investigators. Frequently a company will initiate an 
interaction by asking this investigator to consult in a 
specific area. Then he may receive a small research 
grant from the company. Industry will work to builcl up 
a bond of trust with this promising scientist. In tiitilp he 
becomes more familiar with company needs and'inter- 
ests and can identify areas for cooperative resjearch. 
If a good working relationship is established, industry 
will have confidence in him and be willing to sujjport a 
larger cooperative effort. This confidence and sensitiv- 
ity to industrial needs may also have developed because 
the investigator has worked previously for industry. In 
over half the cases we reviewed, the major academic 
participant had a past history of working in industry.. 

Thus we may view the initiation of joint university/ 
industry programs as a two-step process: 

(1) The company takes the initiative to find good 
people for consultancies, and 

(2) Consultants use these contacts and confi- 
dence to generate cooperative research relationships. 

As interest and awareness of the value of joint 
university/industry research programs grow, there is 
a growing number of instances where both university 
administrators and company managers are providing 
incentives and an appropriate climate to establish 
joint research programs. Tor example, the president 
or vice president of Johns Hopkins or the University 
of Chicago will contact top level executives at an oil 
company or cosmetic firm to discuss how their interests 
and capabilities match. Frequently they establish their 
contacts through university alumni. Sometimes univer- 
sity alumni who are now corporate executives suggest 
discussing joint programs. In these cases, a two-step 



2. The Origins of an Industrially Funded 
Institute or Center / 

A university/industry interactioh can be the basis 
for establishing a center or institute oriented toward 
industrial research interests or at l^ast a definable 
technical mission, e.g., corrosion research. Several 
centers (or institutes) at universities)came about in 
the following ways: \ 

A member of the faculty with industrial ties became 
Interested in a particular area of interest industry 
and he contacted five or six scientists aiross cam- 
pus. Very frequently they participated inian Indus- 
trial Liaison Program together, or the foiWiation of 
such a program was antecedent to establishing the 
center. The scientists determined through their 
industrial contacts that they would gain sijipport by 
having an institute or center providing alfocus to 
their work. They then made a proposal to thelresearch 
council or university administration. 1 

A research council is usually an elective gr(^up and 
includes faculty as well as scientific administrators. 
The council considers proposals in terms of^^everal 
criteria. The prerequisite is that the future\of the 
research area will evolve, it must be a subject worthy 
of investigation in the future, not a transiton^sub- 
ject. On industry's side, there is a desire to hiave a 
critical mass of scientists capable of doing the work. 
Sometimes there Is industry concern with the uni- 
versity's administrative capabilities and available 
research facilities. \ 

After^Ui^untvecsij^^ establishes that the c^- 
ter focus is in anarea^of research worthy of study- 
ing in depth, it must consider criteria for the center 
director. This was regarded by company and univer- 
sity administrators to be critical. If the conclusions 
are favorable, the council recommends the forma- 
\ tion of an institute or center to the university Presi- 
\ dent. The President and the academic or research 
\ Vice President review the proposed center from a 
\ financial point of view. If approval is met then the 
\ proposal goes to the trustees and the trustees are 
\ likely to concur at this point. Then it is up to the 
scientists to maintain their industrial contacts and 

Support. Forming an advisory board of corn pa ny 
^embers is one way of facilitating or providing the 
necessary continuity. 

In^another example, this time at a public university, 
a sirong faculty member suppcrted by nSF sought 
to do catalysis work but needed spectroscopy equip- 
ment. He convinced the university' to buy sophisti- 
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catcd equipment with its endowment funds. This 
iittracted additional fiSF support. fThen, with the aid 
of a retired company scientist, several university 
scientists, some of wlio!)! had consulting ties with 
industry, oi cjanized a program and asked a few high 
I level company rese^arch directors to advise them 
1 regarding the research direction of the center. This 
1 became tlie core of a highly successful industrially 
1 funded research program. 

\ Several important points were made to the uni- 
versity researchers by their advisory board, as follows: 

\ (1) Industry reco^nmended emphasis on long- 
rnnge basic research. One company executive said. 
Throw up lots of balls Into the air, and the com- 
panies will take home the ones they want," 

\ (2) They advised that the support level from 
inaustry should be sufUciently high so that a com- 
mitment is made, and that this support should 
con.ie from someone's budget, not through the edu- 
cation foundation. For this program, a fee of $25,000 
a year was set, and all companies paid the same fee. 

(\^) The board suggested that they aim for twelve 
member companiefi, but that it could not function 
as a closed club. 

A critical element in the development of many of 
these programs, as in the program example above,-is 
government seed money. Most of the large, industrially 
funded programs were funded, to some extent, by the 
government in the beginning. Of the 220 cooperative 
programs we reviewed, approximately 219 had some 
government support in the first .year of operation. 
Another important point in the structuring of these 
programs is that both producer and user companies 
be solicited as members. 

D. Administration of University/Industry 
Interactions 

Although funds in support of university research 
are processed in the office of sponsored programs or 
/ the development office in practically all cases, it is the 
faculty scientist] who is responsible for management 
and administration of the conduct of university/indus- 
try programs. This includes final say on the program 
design, project selection, and allocation of resources. 
On occasion, the faculty member will also have a con- 
sulting arrangement with the company to help manage 
or give advice regarding the company programs re- 
lated to the university sponsored research. This is par- 
ticularly true in the case of programs that involve very 
sizable funding levels. 

Industry's technical input into the program is fre- 
quently not through formalized channels. Rather, the 
principal investigator and colleagues will solicit sug- 
gestions regarding areas of emphasis from company 
sponsors. They then design the research program. 
Usually this is done on a yearly basis. Many times 
there is no formal commitment to project reports, only 
to yearly oral presentations. This is changing, however, 
as is the informality of company participation in uni- 
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versity/industiy projects, especially in the larger, longer 
term projects more generously supported by industry. 

Many of the industry oriented centers now have 
advisory boards which include company representa- 
tives. They rndtt once a year to discuss poliq^ and 

programs with the principal investigator. A few of the 
larger programs have two separate boards: one is a 
policy board made up of industry and university officers; 
the other, an advisory board composed of company 
and university scientists to aid in project selection. 

However, usually one faculty member, the princi- 
pal investigator, still has veto power and ultimate say 
about project management and research design; Sev- 
eral of those interviewed have suggested that they 
foiind through experience that university/industry pro- 
grams do not work if they are administered by com- 
mittee. In one case where an attempt was made to 
conduct a program through committee, the program 
did not begin until one faculty member was appointed 
director. We heard of onlylone instance where a com- 
pany scientist managed a university research program. 
This occurred because university scientists did not 
have the scope of knowledge or the time to manage 
this project. Usually, if a company wants a university 
to be part of a larger program, they ^subcontract a 
specific portion to the university. Only this part of the 
program will be managed and directed by the faculty 
member. 

As projects become larger and more comprehen- 
sive, this may become an issue. Many of those inter- 
viewed poijited out that companies were frequently 
dissatisfied with a professor managing a research pro- 
gram because of his other commitments at the univer- 
sity. Some have suggested that a post-doctoral student 
or research associate be given the responsibility for 
day-to-day program management and coordination. 
However, the ultirriate responsibility for research pro- 
grams and the allocation of resources will continue to 
lie in the hands of the faculty scientist.^ 

In industry, the ultimate responsibility for man- 
agement normally resides at a level above the research 
scientist. This difference in the structure of research 
management in academia and industry may continue 
to cause frustrations and difficulties in cooperative 
research, at least in the initial stages. 



E. Characteristics of University/Industry 
Research Programs 

1. Successful Programs 

The most successful interactions are almost always 
initiated and nurtured by a key individual who is ener- 
getic and has a belief that the success of this program 
is essential to his professional development. This 
individual must demonstrate management capabili- 
ties as well as excellence in science. Very rarely do 
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programs succeed which are developed conceptually 
at the top levels of university administration. There 
must be enthusiastic faculty support of the program. 

In several si'.ccessful cases, university foundations 
or endowrhents were used to establish a program 
which they tied to the university's capability pf obtain- 
ing government support, which was then instrumental 
in attracting industrial support. Industry is much more 
apt to support a program which is in place than to ini- 
tiate a whole new area of research at a university. 

Indeed, federal leveraging of cooperative funding 
is critical to many successful programs. While the rela- 
tionship between universities and corporations is of a 
strictly voluntary nature, the federal government fre- 
quently plays a role in influencing conditions under 
which such linkages may develop. We observed several 
cases where direct grant awards to the university catar^ 
lyzed the establishment of significant university/incjtis- 
try cooperative ventures (e.g. the MIT Polymer/f roc- 
essing Center, the Materials Science Center atl^high 
University). Programs of support and encouragement 
focused on specific industries (e.g. the role^f the gov- 
ernment in the communication and inforrnation indus- 
try) may also generate successful university/industry 
programs. / 

In characterizing successful interactions, we would 
like to point out that many of the present significant 
interactions are new. In many instances, participants 
stated that it was too soon to tell /f the interactions 
would stimulate further industrial activity, or produce^ 
new and non-traditional outcomes (see p. 43, this 
chapter, and Chapter V). 

2. Unsuccessful Programs 

In an attempt to shed light on the difficulties of 
university/industry research cooperation, the research 
team Identified a few case histories which could be 
characterized as failures. These were difficult to iden- 
tify because most would only characterize a failure as 
an interaction that did not occur. One such example 
follows: - 

The director of a research institute at a public 
university and representatives of an oil company, 
including the company research director, discussed 
developing a solar energy research/program to be 
funded at a level of $1 million a year. They consid- 
ered several ways of interacting in-house, or team- 
ing with tht university. The director of the university 
research institute talked with top level technical, 
legal, and management people at the oil company. 
After having spent his time with them, he discovered 
that the oil company was not seriously considering 
funding this project. They had even talked about 
such details as patent rights before the university 
scientists realized that the oil company never had 
any intention of interacting withjthe university. 

Other "unsuccessful" interactions were attributed 
to lack of continued company commitment 



In one case a professor's research was sup- 
ported by local industry. The company supported 
the program for a Ph.D. candidate, and in the in- 
terim, the company licensed a product which made 
the project irrelevant The student had to find a totally 
new thesis project and a new company to support 
him. This is a recurring problem with thesis work 
supported by a company. There Is an inability to 
guarantee company support for completion of the 
thesis. 

In another case, an aerospace company sub- 
contracted research to a prestigious eastern univer- 
sity and then lost interest in the project because the 
government changed its funding priorities. Although 
the contracted research was completed, the univer- 
sity scientists thought the program insufficient 
because of the lack of company commitment ^ 

Most other failures documented are those cases 
where there is an expectation for success and the 
result did not sustain this expectation. 

For example, a chemical company withdrew 
funds from a large research project because the re- 
sults indicated that a commercially viable product 
would not be forthcoming, at least in the foresee- 
able future. 

There are several instances of university/industry 
research interaction that could be characterized as 
failures because the university scientists promised 
more than they.could\deliver. 

In one Instance, a company gave $1 million for 
a period of two to three years to a Canadian univer- 
sity professor and obtained no valid data in return. 
The difficulty was partly the Investigator's fault and 
partly the company's fault If a company expects a 
specific outcome from the project it must be pre- 
cise about the program design and monitor the pro- 
ject continuously. 

The research team was rarely able to document a 
case where a university/industry research interaction 
had failed because the two parties could not come to 
an agreement concerning patent ovmership and distri- 
bution of royalties. However, one investigator, at a 
marine sciences institute at a public university, did 
state that he had to back away from one grant because 
he could not come to an agreement with the company 
on patents. Some universities refuse to interact Vi^'th 
certain companies because of their policies on patent 
rights, licensing, and publication delay. Compahies, in 
some instances, do not choose to support universities 
because of their policies. For years, IBM and the Uni- 
versity of California system have been trying to come 
to an agreement over patents. 

In summary, most unsuccessful university/indus- 
try research interactions can be characterized by a 
communication gap resulting from a lack of time and 
effort put into building up a trust relationship between 
the two parties. 
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F. Outcomes of University/Industry Coupling 

Data indicative of the numbers and types of spe- 
cific outcomes of university/industry research collabo- 
ration are generally difficult if not impossible to obtain. 
But as an illustration of possible results of a coopera- 
tive research program we provide the data in Table 14 
on outcomes of selected U/l cooperative research 
centers. 

Most programs have produced Ph.D. students and 
publications. Graduates associated with university/ 
industry cooperative research programs generally take 
jobs in industry. As university/industry cooperative 
programs increase in number, there is a belief that the 
number ol Kh. D.'s oriented to an industrial career will 
increase, or at least new Ph.D.'s will be better prepared 
to meet industrial needs. 

University/industry research interactions yielding 
specific results in the final stages of useful applicable 
results directly related to technical change are rare, if 
they occur at ail. However, the data gathered in our 
study indicate that university/industry research pro- 
grams are not initiated with that objective in mind. 
Most companies recognize the role of the university in 
basic research and in training students. Their interest 
is in students and access to new ideas rather than to a 
specific product process or service. Frequently, com- 
panies hire students that they have, at least in part, 
sponsored in a university/industry cooperative research 
program. Faculty are also hired after participation in 



these programs. We documented at least three cases 
where the director of a highly successful university/ 
industry research program was subsequently hired by 
"a~cbmpany sponsor. 

Q. Model Interactions 

The following are a few representative examples of 
the programs we reviewed. A complete listing of uni- 
versity/industry programs identified is given in Appen- 
dix III. Chapters Vlll and IX provide descriptions of 
several other interactions. 

iiarvard'Monsanto Agreement. Under a twelve- 
year agreement initiated in 1974, Monsanto agreed 
to provide $23 million to the Harvard Medical School 
(including a sizable contribution to the Harvard 
endowment) to support the work of two medical 
scientists engaged in basic cell research related to 
understanding the growth of tumors. The agree- 
ment provided for Monsanto to receive patent rights 
to any useful results from a specific area of research 
on a particular biological substance under investi- 
gation by the Han/ard researchers. In addition to 
seeking a concrete basis for corporate growth, Mon- 
santo was motivated by a desire to gain access to 
Harvard's capabilities in biological research, an 
area in which Monsanto sought to increase its in- 
house capabilities. The agreement reportedly places 
no constraints on the Harvard researchers' rights to 
publish the results of their research. 

Exxon-MIT, In April, 1980, Exxon Corporation and 
MIT announced a ten-year agreement under which 
Exxon will provide $8 million to support basic research 



Table 14 

Outcomes of Selected University/Industry Cooperative Research Centers 



Twenty-Two Yr. 0) j U/l Cooperative 


Seven Yr. Old U/l Cooperative 




Three Year Old U/l Cooperative 




Research Centers Located at 


Research Center Located at a 




Research Center Located at a 




Public Universities 




Public University 




Private University 




Center 1 




• Graduates 




• Graduates (associated with Center) 




• Graduates: 


267 


- B.S. 


100 


- B.S. 


25 


— M.S. 


173 


— M.S. 


20 


— M.S. 


25 


— Ph.D. 


94 


— Ph.D. 




— Ph.D. 


15 


• Publications (in 10-13yrs.) 


375 


• Publications 


60 


• Publications 


285 


• Visiting Scholar Residences 




• Visiting Scientists & 




• Visiting Scientists & 




11970-19801 


12 


Residences 


2 


Residences 


13 


• Conferences & Short Courses 




• Conferences & Short Courses 


25 


• Conferences & Short Courses 


34 


Activities (1978-1980) 


12 


• Commercial Outcomes 


0 


• Commercial Outcomes 




• Commercial Outcomes 


0 






(Commercial Products) 


4 


Center 2 








(Patents Pending) 


8 








(Licenses Sold) 


3 


• Graduates (Over 20 yrs.) 










— ' M.S. (directly assoc.w/ 












Center) 


100 










— Ph.D. (directly assoc. w/ 












Center) 










• Publications 


554 










• Visiting Scholar Residences 












11970-1980) 


10-15 










• Conferences & Short Courses 












Acti\/ities 












(Designated training] 


400 

•people) 










• Commercial Outcomes 












(products, licenses] 


7 










• Spin-Off Companies 


12 
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at MIT in combustion processes. Research Is to be 
conducted on the burning of coal, coal liquids, shak 
oil. ana heavy crude oil. The agreement provides for 
MIT to hold piitents to tcchnoloQy arising from the 
research with Jflxxon, and to share in any royalties 
resulting from third-party licensing. Exxon vyill have 
a royalty-free, non-ex'usive license to use such 
patents. All research results under the Exxon-MIT 
eigrecment can be openly published. )n announcing 
the agreement, both the company and the university 
emphasized the long-term nature of the commit- 
ment and its emphasis on long-term, relatively basic 
research. 

du Pont-tlarvard. In June 1981, the du Pont Com- 
pany and Harvard University announced a $6 mil- 
lion, five-year research agreement with the Harvard 
University Medical School, under which du Pont will 
receive exclusive rights to use any resulting patents 
from the research. Harvard will hold title to the patents. 
The du Pont agreement is focused on genetic re- 
search, an area in which the company is investing 
heavily in a long-term program of building in-house 
research capabilities. 

lioechst-Massachusetts General hospital The 
largest financial commitment for industry-university 
research collaboration is contained in a May 1981 
ten-year, $50 million agreement betvi'een the German 
chemical corporation, Hoechst, A.Q. and Massachu- 
setts General Hospital. The Massachusetts General 
research program will be carried out jointly Vk^th Har- 
vard Medical School in a newlaboratory facility to be 
financed by a separate $15 million gift from an Amer- 
ican donor. Hoechst was considering developing its 
own research institute but apparently could .lot find 
a researcher of sufficient stature to head the effort 
in biotechnology. The agreement provides for open 
publication of research results, for ownership of any 
ensuing patents by Massachusetts General, and for 
exclusive licensing by Hoechst. 

MaUinckrodt-Washington University (St. Louis). 
In September, 1981, Mallinckrodt, Inc., a chemical 
company in St. Louis supplying medical products, 
entered a three-year, $3.9 million research agree- 
ment with the Washington University Medical School. 
The focus of the research is on "hybridomas," a tech- 
nique for producing useful biological materials such 
as antibodies. In keeping with the general pattern of 
agreements in biotechnology discussed above, the 
Mallinckrodt-Washington University agreement pro- 
vides for open publication of research results, for 
the university to hold title to any resulting patents, 
and for the company to have an option for exclusive 
use of the university patents. 

Celanese-Yale. In February, 1982, the Celanese 
Corporation and Yale announced a $1.1 million, 
three-year research contract under which Celanese 
will support basic research on the composition and 
synthesis of naturally occurring enzymes. Yale will 
hold title to the patents' but Celanese will pay for 
the patenting and will receive exclusive rights to use 
any resulting patents from the research. The Yale 
researchers will allow Celanese to review their pub- 
lications for up to forty-five days. Thereaftier, Yale 
researchers have unlimited publication rights. This 
is the largest contract ever made by Celanese to a 
universit>', according to corporate officials, and it 
is Yale's first venture with an industrial agreement 



of this sort. The money will be used in part to sup- 
port approximately four post-doctoral fellows. 

University of Michigan— University/Industry Pro- 
gram in Microbiological Processes. The LJniversity 
of Michigan interaction with Upjohn in microbiolog- 
ical processes is part of the MSr University- Industry 
Coupling Program. Upjohn's contribution to the pro- 
gram involves manpower and facilities rather than 
monetary contributions. . 

A University of Michigan professor, who had pre- 
viously worked in industry, was responsible for get- 
ting the grant. The importance of personal contacts 
is illustrated by the professor contacting someone 
at Upjohn, whom he knew was interested in univer- 
sity-industry cooperative research. The chairman of 
his department had had contact with Upjohn pre- 
viously through a consulting arrangement and so 
the company was responsive to the younger pro- 
fessor's approach. Additionally, they were involved 
with another lUC program. 

There was a need to find an area of overlapping 
research interest That overlap was uncovered through 
a desire to develop process improvements for two 
products already being produced at Upjohn. In addi- 
tion to Upjohn's contribution to the project, they 
had already assembled information for the research 
that saved the Michigan researcher a substantial 
amount of preparatory research. The agreement 
reached between Michigan and Upjohn granted 
10% of the sales revenues generated through proc- 
ess improvements to the university. Upjohn was 
granted exclusive license to any patents developed 
but woiild pay for the patent process, although the 
actual patent would remain with the university. An 
added feature of the agreement permitted Upjohn 
researchers to publish along with the university 
ref.earchers. 

MIT'WhitUiead Institute, A unique situation in the 
development of biotechnology research programs 
concerns the Whitehead Institute and MIT. Through 
a $7.5 million gift from Edwin C. Whitehead, MIT 
will be involved with the establishment of a $120 
million research Institute. 

The importance of this institute concerns the 
dual status that twenty professors will hold with MIT 
and the Institute. Equal power over screening and 
appointing these new professors and their students 
will rest with both institutions. Concern exists with 
regard to MIT losing control over faculty appoint- 
ments, graduate students and research directions. 
The willingness to accept this situation appears to 
be influenced by the expectation of shrinking fed- 
eral support. 

Purdue-Computer Integrated Design, Manufac- 
turing and Automation Center. The Computer Inte- 
grated Design, Manufacuiring and Automation Cen- 
ter (CIDMAC) at Purdue developed out of a CAD/ 
CAM project witli the Control Data Corporation. The 
computer aided design laboratory (CADLAB) was 
started as a research project in computer graphics 
and corhputer aided design by a professor in mech- 
anical engineering in 1969. Ten years laler, this pro- 
fessor, who had left: Purdue, was on the Board of 
Directors of CDC. He did consulting work for them, 
and later involved one of his ex-students at Purdue 
in consulting for CDC. 

When the company decided to go into CAD/CAM, 
the decision was made to go to the university, rather 
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than develop a program on their own. The program 
W£is initiated in 1980, with a three-year grant from 
CDC for $2.8 million: $1.5 million for facilities and 
$430,000/ycar for researchers, in addition, CDC 
bought computer graphics and commercial quality 
software, which it owns but leaves at the university. 
Research topics were not determined until after the 
initial funding. CDC gets non-exclusive rights to pro- 
grams developed through the project but deter- 
mines the royalties on licensing. 

The CADLAB is a research laboratory afRliated 
with Purdue's Institute for Interdisciplinary Engineer- 
ing Studies. As a result of the influx of CDC money, 
the Dean of Engineering sought the development of 
a broader, much larger program; CIDMAC. 

Five companies have been enlisted as sponsors 
for the Center. The names of those companies will 
be released by the school in the coming months. 
Purdue is asking for $1.2 million over five years from 
each company. The first year's funding will include 
upfront money in the form of either cash or equip- 
ment. Although separate contracts were negotiated 
with each, Purdue gets patent rights while the com- 
panies get exclusive license. Additional funding has 
come from MASA and nSP. 

CIDMAC will draw upon tlie design faculty from 
CADLAB, the Advanced Automation Research Lab- 
oratory, the laboratory for Applied Industrial Con- 
trol, manufacturing and computer aided manufac- 
turing research in the School of Industrial Engineer- 
ing and the Business School. There will be extensive 
student involvement and the Center seeks to develop 
projects that may be used as thesis projects. 

Lehigh'Materials Science Research Center. The 
Materials Science Research Center was the first 
c enter started at Lehigh (1962). Important in getting 
started was a large metallurgy development grant 
from riSF for five to six years. The next step was the 
initiation of an Industrial liaison program in materials 
science to bring industry to the university and develop 
the exposure necessary for facilitating cooperative 
rcseardi. There are approximately twenty com- 
panies involved in both the Center and the affiliates 
program. 

Research faculty may have dual appointments to 
the Center and an academic department. The Cen- 
ter draws faculty from amongst several departments: 
metallurgy, chemistry, physics and materials, mech- 
anical, chemical electrical and computer engineer- 
ing. In addition, there are non-academic appoint- 
ments, with the center piaying 50% of the salary 
and research contracts paying the other 50%. 

The Center has participated in personnel ex- 
change, with Center personnel having spent time at 
Allied Co., IBM and the national Bureau of Stand- 
ards. Less than 10% of the center's support comes 
from industry. Of that industry support, most of it 
tends to be local companies providing funding, on 
the order of $10-20,000. 

Although researchers may pursue an> direction 
they desire, as long as it is supported, there are 
advisor>' committees. As is required of all Lehigh 
centers, there isL-aji/isiting committee, made up of 
industry and gov^ernment representatives. Addi- 
tionally, there is a Materials Research Council, con- 
sisting of senior faculty, providing advisory and com- 
munications support. The director of the center, as 
well as most of the technical staff, have worked in 



industry, providing an understanding of industry's 
perspective. 

Innovation Center-Unluerslty of Utah, The inno- 
vation Center at the University of Utah was estab- 
lished in 1978 with a grant from nSF for $900,000 
over three years. The goal of the program is to assist 
in the development of new companies. Between 500 
and 1000 ideas are reviewed per year, arising mostly 
from independent inventors outside the university. 
The irritial screening process is informal. In review- 
ing the submitted proposals, the Center locks for 
those ideas that might lead to the founding of a 
company in the geographic area, based on an ad- 
vanced technology and for a person v^^th the capa- 
bility to run the company that will eventually arise. 
There is a waiting period for potential projects that 
lasts 2-18 months. The second phase in the process 
of fostering the development of these new technical 
ventures consists of those steps that can be accom- 
plished in six months for about $5,000, This in- 
cludes prototype improvements, market research, 
patent research, or performance research. 

If the Innovation Center decides to continue with 
project, the next phase is finding seed capital, which 
is easier to acquire for the entrepreneur associated 
with the Innovation Center than on his own because 
of the credibility the Center lends t:o the project If 
this capital is acquired, then over the next 12-18 
months the product must be produced in prototype 
form, a business plan and objective written, and a 
team established. 

The fourth phase is the assembly of key manage- 
ment and bringing the product to the commercially 
ready stage. The fifth phase involves assistance in 
obtaining start-up capital. 

Two companies have reached this stage of the 
program. Representatives of the Center state that 
its equity in the two companies will exceed MSrs 
\ original investment within a year. 

Robotics Institute'Carnegie Mellon Uniuerslty, 
Carnegie Mellon has for the past two years operated 
the Robotics Institute, a multi-disciplinary program 
involving the computer science, electrical and mech- 
anical engineering departments. The main source 
of funding for the Institute comes from Westing- 
house, which is providing $1 million per year for five 
years. Additional funding is supplied by Advanced 
Research Projects Agency (ARPA), Office of Maval 
Research (OMR), and a small national Science Foun- 
dation ((^SF) grant Another sponsor is a consulting 
firm headed by the chairman ot the computer sci- 
ence department and another professor. The Instl- 

tute does contract work for companies willing to 

suppoTt-ajTiajor project The Sponsors receive all 
non-proprietary^ata-and-compluter programs on a 
royalty-vree, non-exclusive basis. Bi-annual *Yesearch- 
in progress' reviews are held to update sponsors 
on research activity. 

Institute objectives include: scientific advance in 
robotics science, technology transfer to industry^ 
and training of engineers and scientists. To facili- 
tate the technology transfer, an afFiliates program is 
maintained. 

The Institute was initiated at the behest of the 
university president The man put in charge of rais- 
ing the funds had worked for Westinghouse. Right 
from the beginning equipment was available from 
the various academic departments. Although an 
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Informal grbup of advisors exists, researchers jaj^ely 
decide what they will work on. The staflf rnclLrdes " 
full tinie resciirc h scientists as well as faculty with 
dUcii tippoititnients between the departments and 
the Institute. 

University of Arizona-Office of Arid Land Studies. 
The OfTlcc of Arid Land Studies at the University of 
Arizona has existed for sixteen years but only for the 
Icist two lias it had any industry support It was started 
with support from the Rockefeller Toundaticn and 
operated oi»t of the College of f^rth Sciences. The 
Ofllce was later moved to the Division of Interdis- 
ciplinary Studies :n an effort to pool together a 
niultldiscipllnary research team. It is important to 
note that the OfTlce is not an academic department. 
Students arc considered a resource for research 
cflorts. 

Currently, one-third of the financial supjport comes 
h orn industry and the rest from the federal and state 
government. Personal contacts were very important 
in initiating cooperation with industry. The major 
[)orti()n of industry support comes from Diamond 
Shamrock, with Phillips Petroleumjust recently join- 
ing the program. Strong leadership has played a 
crucial role throughout negotiations on industry 
irvolvemeiit as well as particular aspects of research 
agreements. 

Any patents originating out of the cooperative re- 
search stay at the university with Diamond Sham- 
rock receiving exclusive license in return for royalty 
payments. Some problems have arisen due to pro- 
prietary rights but have been overcome due to the 
strong positions of the industry and university rep- 
resentatives. Monthly project meetings are held as 
well as advisory committee input. 

lienssc.laer Polytechnic Institute-Center for Man- 
ufacturinc; Froductiuity. Rensselaer Polytechnic Insti- 
tute's Center for Manufacturing Productivity is a uni- 
que form of university/industry interaction. The 
Center is solely supported by industry funding. 
Started in 1979, it was initiated through the efforts 
of the university vice president and dean of engi- 
neering. They sought to rectify existing deficiencies 
in productivity growth in manufacturing, as well as 
increase university/industry interaction at the uni- 
versity. 



Although the Center is within the engineering 
school, is has no faculty of its own. The key to the 
program is the use of project engineers from inotis- 
try that are hired at the Center for a maximum of 
five years. 

It is not a generic program. All projects are the 
result of a specific need by & particular company 
and are conducted according to contract agree- 
ments. Contract costs are in addition to sponsor 
fees. 

The sponsors are divided into, two groups; the 
Founders Group, consisting of five companies con- 
tributing $250,000, and an Associates Group, con- 
sisting of five other companies contributing $10- 
50,000 annually, based on the size of the firm. 
Membership in the Founders Group provides a spot 
on the Advisory Board, a policy making committee. 

University of Washington— Ocean Margin Drilling 
Program hciti been a part of the proposed Advanced 
Ocean Drilling Program. Initiated by the government 
in 1977, the decision was made to involve the petro- 
leum industry in the program. Of the 24 compr.nies 
approached, only 10 made a positive commitment. 
The first-year costs were shared equally between the 
national Science Foundation and the industry par- 
ticipants. The cost for industry was $5 million. 

A Science Advisory Committee was established 
with representatives from the 10 petroleum com- 
panies, 10 universities that were to be involved in 
the program and various representatives from gov- 
ernment. A substructure was created to develop 
contracts for the researcli program based on the sci- 
entific plan developed at a conference in late 1980. 

At the-end of the first year of planning, the indus- 
try participants made the decision to discontinue 
participation in the program. The prirnary reason 
for the decision was due to a feeling that per com- 
pany costs were too steep. The anticipated costs 
were $500 million over ten years. Originally there 
was an expectation that other industry sponsors 
would be enlisted during the planning stage. How- 
ever, this did not come to fruition. An additional 
speculated reason for their discontinued participa- 
tion was that the world oil glut made it difficult for 
petroleum companies to justify program expenses 
with a long term profit potential. Therefore, the pro- 
gram could not meet this requirement. 
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CHAPTER VIII 



DirrERENCES in types AMD Jm EMSfTY 
or COOPERATIOri WITHIM AMD 
AMOMG SECTORS ^ ^ - 

Successful research interaction between two sec- 
tors having differing but not competitive goals and out- 
looks depends on their preconceived and real degree 
of complementarity and the mutual benefit to be 
derived. The highest degree of complementarity be- 
tween the universities and industry is clearly in high- 
technology research where technology transfer is rapid 
and requires close apposition both for fundamental 
and product-oriented research. Current examples of 
such research are microelectronics, poljTner science, 
materials science/and molecular biotechnology. There 
are indeed many joint programs in these areas. 

The potential for high complementr^rity exists In 
some universities but not in others, in some com- 
panies but not others. Approaches to cooperation 
differ according to the objectives and traditions of 
each Institution (see Chapter Vl, pp. 24-25). 

A. Variation Among Industries 

1. Qhd^Td^cte.r\si{cs of Industrial Support 

Different industries vary greatly in their attitudes 
toward supporting university research and in the types 
or programs they tend to support. This is in part a 
resi st of Interests related to their products and in part 
related to the nature of their business. Specific differ- 
ences among Industries in their participation in uni- 
versity/Industry research vAW be discussed in Sections 
A.3.a to A.3.h of this chapter. 

The companies that tend to support research 
Interactions with, universities are frequently (ri-50% of 
the time) members of the Fortune 500. Most are 
research-oriented companies and are listed in the 
Business Week R&D Scoreboard. Firms listed by Busi-.. 
ness Week must spend at least $100 million on R&D 
annually. The industries njost frequently represented 
in sponsoring university research spent from 2-6% of 



their sales on R&D. Those industries interacting less 
frequency generally spend less than one percent of 
their sales on R&D (Table 15). 

Tliough a great many companies hire university 
graduates, a small percentage of the total number 
interacts directly Vi^th the university by recruiting or 
by expressing needs regarding the nature of educa- 
tional programs. Typically, between 200 and 500 com- 
panies recruit at a given campus. Only 500 companies 
do any recruiting on campuses at all, approximately 
0.3% of the 150,000 companies that have more than 
500 workers. 

Indeed there are a limited set of industries, each 
dominated by a relatively few companies, that have any 
significant researcn interaction Vi^th universities (Table 
16). Of the 464 programs reviewed, about 292 com- 
panies were involved in the'support of over 60% of the 
^programs documented. In these programs, about 97 
differe^nt companies were represented more than 
once. All of these had more than 500 employees. This 
is about 0.06^ of those companies that have more 
than 500 workers, /.e., those not considered to be 
small business. Additional data suggest that in the 
cases where we did not list company participants, a 
similar spectrum of participation exists. 

The industries that fund research at universities 
are, as expected, those that are more dependent on 
research and development and who perform research 
and development themselves: chemicals, pharmaceu- 
ticals, electronics and computers, fuels, aerospace, 
automotive (Table 17). However, even among those 
industries, a very small percentage of their research 
and development dollar is spent in universities. Phar- 
maceutical companies, for example, spend less than 
10% of their R&D funds outside their walls, primarily 
for clinical testing of drugs. Less than 3% of that 10% 
.goes to basic research at universities. However, the 
pharmaceutical industry does have extensive interac- 
tions with universities, primarily through exchange of 
•research personnel and information. They provide 
adjunct professors, participate in conferences and 
seminars, and invite distinguished faculty to partlci- 
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Table 15 



Research & Development as a Percent of Sales 



Industry 


Ranking 


1977 


1978 


ly/y 


lyoU 


Average 




7 


3.5 


3.7 


4.2 


4.5 


4.0 


Appliances 


19 


1.4 


1.2 


1.5 


1.8 


1.5 


Automotive (cars trucksl 


8 


2.6, 


2.8 . 


3.2 


4.0 


3.2 




18 


1.5 


1.4 


1.5 


1.9 


1.6 




22 


1.0 


1.1 


1.1 


1.1 


1.1 


Chemicals 


12 


2.5 


2.5 


2.3 


2.4 


2.4 


Computers''' 


1 


5.9 


6.0 


6.1 


G.4 


6.1 


Conglomerates ' 


16 


1.5 


1.7 


1.6 


1.8 


1.7 




23 


1.1 


0.9 


0.8 


0.8 


0.9 




3 


4.9 


4.7 


4.8 


4.9 


4.8 


Electrical '. 


11 


2.4 


2.5 


2.8' 


2.8 


2.6 


Electronics 


10 


3.0 


2.6 


2.5 


2.9 


2.8. 


Food and Beverage 


27 


0.5 


0.5 


0.5 


9.6 


0.5 


Fuels 


29 


0.4 


0.4 


0.4 


0.4 


0.4 


Instruments (measuring devices, controls) 


5 


4.7 


4.1 


3.9 


4.2 


. 4.2 


Leisure Time 


4 


4.3 


NA 


4.2 


4.2 


4.2 


Machinery (farm construction) 


9 


3.2 


2.5 


2.7 


2.7 


2.8 


Machinery ( machine tools, industrial mining ) ... 


17 


1.7 


1.6 


i.6 


1.6 


1.6 


Metals and Mining 


25 


1.0 


0.6 


0.5 


0.9 


0.8 


Miscellaneous— Manufacturing 


13 . 


1.9 


1.8 


1.7 


2.1 


1.9 


Officp Eauioment' . 


6 


4.0 


4.1 


4.2 


4.3 


4.2 


Oil Sprvicp and SuddIv , 


21 


1.1 


0.9 


1.7 


1.6 


1.3 


Paper 


24 


0.9 


0.9 


0.8 


0.8 


0.9 


Personal and Home Care Products 


15 




1.6 


1.7 


1.8 


1.7 




2 


5.8 


5.8 


5.7 


6.0 


5.8 


Services (engineering, data service leasing) — 




0.3 


D.C. 


D.C. 


D.C. 


— 


■ Steel 


26 


0.6 


0.6 


0.6 


0.6 


0.6 




20 


1.9 


1.9 


1.0 


1.0 


1.5 


Textiles, Apparel '. 


27 


0.5 


0.5 


0.6 


0.5 


0.5 




14 


1.7 


1.7 


1.7 


1.8 


1.7 




29 


0.5 


0.5 


0.3 


0.3 


0.4 


Information Processing* (peripherals, serv.) — 










5.9 





'In 1978— changed to Information Processing (computers, peripherals). 

'In 1978— changed to Information Processing (office equipment). 

'In 1980— changed to Information Processing (computers). 

^In 1980— separated from Information Processing (computers, peripherals). 

D.C— discontinued category. Source: Business Week annual R&D Scoreboard. 



patG in programs of varying length. They support grad- 
uate Students. With the advent of molecular match- 
making, they are just beginning to develop a whole 
range of cooperative interactions. The task of routine 
drug testing, although willingly performed by some 
universities, is not closely allied with the fundamental 
goals of the university: Highly repetitive, not innova- 
tive, and labor intensive, such research may be inap- 
propriate unthin university academic units. 

Several manufacturing companies said that they 
preferred dealing vAth contract research laboratories 
(e/;., not-for-profit research institutes such as SRI or 
Battelle) when they decided to sponsor research out- 
side their own organization. They found that such 
organizations could mobilize more easily to complete 
work on short schedule, and proprietary information 
could be dealt with more readily. Sometimes these 
attitudes are based more on perception than reality. 
The differences in attitude among companies towards 
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development and cooperation vAth universities were 
described in Chapter VI, Section C. 

2. rirm Size and University/Industry Coupling: 
Differences Between Small and Large 
Companies: Programs 

We have already observed that there art a limited 
number of companies that have much research-related 
interaction with universities and that only the larger 
companies as defined in terms of employees and 
annual sales tend to participate in cooperative univer- 
sity/industry research programs (see Table 16). Very 
rarely did we discover an instance of a smaller com- 
pany providing funds for university research. Of the 
287 documented cases of cooperative research, only 
one program has been funded by a company with 
sales of less than $10 million. Recently, this company 
was bought by a larger food processing company. 
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Smaller companies, if they Interacted with univer- 
sity researchers, did so by participating in knowledge 
transfer programs. Even then, organizers of such pro- 
grams said it was difficult to attract the interest and 
participation of small companies. Several directors of 
engineering extension programs, or programs directly 
set up for smaller companies, stated that these com- 
panies came to the university only as a last resort. In 
order for a program to work for the smaller company, 
a university researcher had to seek out their partici- 
pation energetically. 

In summary, there are several barriers to univer- 
sity research cooperation v;^th smaller companies: 

( 1 ) Smaller companies are primarily interested in 
solving specific problems, many of which are not con- 
sidered to be of sufficient challenge by university pro- 
fessors. 

(2) Smaller companies frequently do not have the 
research organization or personnel necessary to foster 
technical contacts between itself and a. university. 

(3) Smaller companies must husband their re- 
sources. They do not have the funds to spend on aca- 
demic research programs. 

The exceptions are small high technology or in- 
strumentation companies where corporate officers are 



themselves scientists and may have begun their career 
in universities. Such companies, even Virtien they have 
little liquid capital, are often interested in providing 
services in kind to universities, personnel support, 
internships, equipment loans, and other services. 

3. Differences Among industrial Sectors in 
Collaboration with Universities and 
the Modes of Interaction Favored 
by Different Sectors 

The motives and modes of interaction v;^th univer- 
sities of companies within each industrial grouping 
are based on the specific commercial interests of the 
group, tradition, and differing technology bases. Each 
industrial sector is characterized by a product c^cle. 
How well developed the technology associated vAth a 
given product is influences the kinds of research inter- 
actions in which a particular industry engages. The 
maturity of a scientific concept, the economic climate, 
and serendipity all play a role in the readiness of an 
industry to cooperate vAth university researchers. The 
tijne must be right for cooperative commitment to 
occur. 

The primary industrial groups inclined towards 
research interactions with universities are, as stated 
previously, petroleum, chemicals, automotive, elec- 



Table16 

Summary of Companies Actively Supporting University Research 



NSF Industry University Cooperative Research Program (FY 1978-81 ) 

Ten Leading lUCR Projects* Value of Awards** Share of Total Awards 

Performers Industrial Sector (No.) (Sl.OOO's) (%) 



IBM 


Informa'tion Processing 


15 


2.326 


7.8 


AT&T [Bell Labs) 


Informatior: Processing 


8 


993 


3.3 


Hughes Aircraft 


AeroFpacs 


6 * 


2.491 


8.4 


Westinghouse 


Electrical 


6 


1,570 


5.3 


Exxon 


Fuel 


5 


721 


2.4 


Lockheed 


Aerospace 


4 


1.480 


5.0 


Martin-Marietta 


Aerospace 


4 


598 


2.0 


du Pont 


Chemicals 


3 


1.449 


4.9 


GE 


Electrical 


3 


914 


3.0 


Hercules 


Chemicals 


3 


8i1 


2.7 








NYU Field Study 1980 




Eleven Leading 










Participants NYU 




Projects* 






Field Study 


Industrial Sector 


(No.) 






IBM 


Information Processing 


20 






Exxon 


Fuel 


17 






GE 


Electrical 


17 






Ford 


Automotive 


15 






du Pont 


Chemical^ 


13 






Xerox 


Information Processing 


12 






Burroughs-Wellcome^ 


Drugs 


9 






Chevron 


Fuel ' . 


8 






Boeing 


Aerospace 


8 






Dow 


Chemicals 


8 






Hughes 


Aerospace 


8 







'Some research projects have received more than one grant. These figures do not count continuation grants. 
•'Includes matching funds provided by other NSF Divisions. 
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Table 17 

Distribution of U/l Research Interactions into Business Week Industry Groupings 



Number of Firms Participating 





NSF lUCR* : 


Voluntary** 






Program 


Aid to Education 


NYU Field Study 


industry 


FY 1978-81 


1980 


1980 


Aerospace 


4 


2 


10 


Appiiances 


none 


1 


1 


Aiitomoti\/P 


o 


b 


10 


Bioteclinoiogy Company 


none 


none 


3 


Brokerage ,! 


none 


none 


1 




none 


1 


6 




9 


29 


25 


Congiomerates 


A 


0 


0 


Containers 


none 


1 


1 


Drugs 


3 


7 


17 


Electrical 


3 


5 


3 


Electronics ... . 


3 


1 


7 


Engineering 


none 




7 


Food and Beverage 


' none 


11 


12 


Fuel 


6 


15 


26 


Information Processing (computers, peripherals, office equipment) ... 


5 


4 


13 




3 


1 


6 


1 nQi im fiPP 


none 


ly 


o 
e. 


.Leisure Time 


1 


none 


2 


Machinery (farm construction) 


1 


2 


6 


Machinery (machine tools, etc.) 


1 


5 


3 


Metals and Mining : 


2 


11 


7 


MiQPPlIn nooi iQ>— M Am ifapti irinn 


none 


none 


e 
0 


Oil Service and Supply ; 


none 


none 


none 


Paper 


1 


10 


7 


Personal and Home Care Products 


2 


none 


1 


Semiconductors 


1 


1 


3 


Steel 


3 


4 


5 




2 


4 


none 


Textiles and Apparel 


none 


3 


3 


Tires and Rubber 


1 


4 


none 


Transportation— Equipment, Ship Building, Railroad 


none 


4 


3 


Utility 


none 


9 


9 



'Source: Program award sheets NSF 

••Source: Council for Financial Aid to Education, CFAE Casebook (11th ed.) 



tronics and computers, aerospace, food and pharma- 
ceuticals (Table 17). Chemical companies have the 
longest history of actively contributing funds to univer- 
sity research and participating in cooperative research 
programs. The mining and'minerals industry/and con- 
struction industry, have in the past been less inclined 
to fund or be involved in cooperative university/Indus- 
try programs. In general poor capital-intensive indus- 
tries find the sort of research programs conducted at 
universities not well suited to their needs. Their funds 
may be limite^^, their needs more Immediate, and tech- 
nical decisions may require expensive and specialized 
equipment. 

To illustrate the differing views and modes of 
university/Industry research interactions in different 
industries, the following sections will present an over- 
^ view of such interactions within the aerospace, energy 
supply microelectronics, chemical, pharmaceutical; 
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mining and mineral, and construction industries. Each 
is oF>erating under a different set of financial and market . 
conditions which have a definite influence on each in- 
dustry's interactions with universities. 

a. Aerospace Industry J 

An industry which is devoted exclusively or pri- 
marily to producing aerospace products is dependent 
to a great extent on the uncertainties of government 
defense spending. The frequent "boom and bust" 
cycles have had a negative impact on the long-range 
research commitment of the aerospace industry, and 
consequently on its involvement in university/industry 
research cooperation, i^evertheless, a few aerospace 
corporations have maintained a continuing commit- 
ment to research and, to one degree or another, most 
are involved in some type of university interaction 



involving research, usually very specifically product 
oriented 

The tiiost cotnnion research interactions betv^een 
the aerospace industry and the universities are con- 
sulting by individual professors and membership in 
industrial affiliates programs or research centers. Per- 
sonnel exchanges are not uncommon, most typically 
involving industry-based scientists or engineers work- 
ing at least part-time in universities. Such personnel 
exchanges sometimes involve formal joint appoint- 
ments at both institutions. 

Collaboration in contract research is sometimes 
discouraged because of proprietary rights. However, 
corporations with a commitment to research, the few 
aerospace firms which support their own central re- 
search facilities, collaborate extensively with universi- 
ties. This collaboration sometimes extends beyond 
the confines of the central research facility to other 
corporate divisions. 

The most common types of university/industry, 
relationships in aerospace research facilities involve 
government-contracted joint research projects. A var- 
iety of govemment funding agencies are usually involved 
in supporting cooperative research projects including 
DOE, AFOSK DARPA, OPiK and NSF. Many aerospace 
industry research programs have resulted from gov- 
ernment-sponsored collaborations. A typical mode of 
cooperation involves the industry partner as the prime 
contractor and the university as the subcontractor. 
This seems to be preferred by both partners. Industry 
has greater control over project management, which it 
prefers, while the university partner does not have to 
handle the burdensome paperwork involved with govem- 
ment contracts, nevertheless, the paperwork required 
by some agencies can be a barrier to, encouraging 
greater university/industry cooperation in govern- 
ment-contracted research. Although aerospace firms 
cite past encouragement of university participation in . 
research by the Department of Defense, they report a 
recent drop-off in cooperative support from DOD fund- 
ing agencies. 

Aerospace firms receive discretionary indepen- 
dent research and development (IRAD) funds from the 
government, based on a percentage of their federally 
sponsored work. Some aerospace firms use part of 
their IRAD funds to contract with university research- 
ers, either as individual consultants or in university- 
based projects. Such IRAD-supported university/industry 
collaboration seems to be preferred over government- 
contracted research cooperation because of the min- 
imum of paperwork involved, especially in the pro- 
posal stage. One major aerospace firm claims that a 
barrier to greater utilization of IRAD for university 
research is that only two-thirds of it can be recovered 
as part of the overhead on federally-sponsored work. 
Total recovery of IRAD funds was suggested as an 
incentive for increased IRAD funding for university 
research. It Is not clear, however, whether such a 



change would encourage those aerospace firms which 
only utilize their IRAD funds internally to switch some 
of these funds to support university research. 

Top corporate commitment is critical to the sup- 
port of university/industry interactions and rnay even 
override the lack of a strong research facility. A typical 
indicator of such a commitment was the assignment 
of a top executive to the responsibility for developing 
interactions with universities. One such executive indi- 
cated that his performance would be determined by 
the degree to which he is successful in increasing uni- 
versity interactions. A strong corporate research facility 
usually implies a strong commitment to university/ 
industry cooperation at the top corporate level which 
goes well beyond the collaborative activities of the 
research facility. However, the lack of such a facility 
does not necessarily imply a lack of commitment to 
the support of university/industry collaboration. In at 
least one aerospace firm, which has dovmgraded its 
own research laboratory, corporate commitment to 
university/industr>' collaboration appeared at least as 
strong as in firms vi/hich strongly supported their own 
research facilities, ni several other firms, the greatest 
increases in research support focus on university col- 
laborations. However, corporate commitment in the 
aerospace industry to increase university support 
appears to be the exception rather than the rule. 

Occasionally, individual aerospace firms have 
pooled their resources to support university programs 
which were of crucial concern to the industry. For 
example, when several companies felt that there was a 
need for a manufacturing engineering research pro- 
gram utilizing CAD/CAM technology, and support from 
the federal government was not forthcoming, the firms 
themselves initiated the . development of such a pro- 
gram at a western public university. The companies 
established an advisory board and agreed to divide 
responsibility for providing specific components, per- 
sonnel, hardware, and software to help develop the 
research program. One firm even established an en- 
dowed chair. 

It was no coincidence that the CAD/CAM program 
was established in a California school. Since much of 
the aerospace industry is concentrated on the West 
Coast, especially in southern California, most of their 
university interactions are focused in that geographic 
area. This is perhaps a unique example of the impor- 
tance of propinquity for a whole industry establishing 
interactions with local universities. West Coast univer- 
sities develop research expertise and produce grad- 
uates who are up-to-date in areas of science and tech- 
nology relevant to the industry. Despite the importance 
of proximity, some aerospace firms will seek out exper- 
tise in universities as far away as the northeast. 

b. Energy Supply Industry 

The energy industry, as a whole, is one of the most 
active participants in university/industry cooperation. 
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The vast array of energy research directions is the sub- 
ject of over 15% of the cooperative university/industry 
ventures in the sample matrix (Appendix III). The 
industrial participant's main area of business, how- 
even may not be energy. An auto manufacturer and in 
insurance company both conduct energy research with 
universities. 

Some of the earliest university/industry interac- 
tions have involved the energy industry. The longest 
running interaction (75 years), a fellowship program, 
involves a Great Lakes area gas trade association and 
a large state university. That cooperation has accel- 
erated within the past ten years. 

The increased attention the energy industry has 
given to university research capabilities has resulted 
from the oil shortages experienced worldwide during 
the 70's. These shortages underlined the importance 
of developing new sources of energy, whether conven- 
tional or alternative, and the need for long-range fund- 
amental research. 

The dramatic increases in oil prices have had a 
mixed effect on industrial research support. The in- 
creased oil prices have helped. the fuel suppliers (i.e.. 
oil companies) but have hurt the fuel users (i.e. utili- 
ties). The utility companies, some of the most active 
participants in the early university/industry interac- 
tions, have limited cash for research expenditure 
because of the higher fuel and construction costs. Tor 
example, a new England program established to foster 
university/industry cooperation and specifically icir- 
geted to the utility companies, failed in part because 
of this cash squeeze. Other contributing factors were: 

(DA competition for funds with the programs of 
the Electric Power Research Institute (EPRI). a collec- 
tive industrial organization formed to conduct and 
sponsor research; and 

(2) A hesitancy by companies to spend their own 
funds on research projects when government agencies 
gave the impression that they would provide support. 

The utility companies in response to limited cash 
and an urqent need to be up to date regarding new 
technological developments banded together to col- 
lectively support R&D in 1972. This marked the begin- 
ning of the Electric Power Research Institute (EPRI). 
With the formation of EPRI. the utilities refocused on 
short-term applied research expenditures. Only 7-8% 
of their total research expenditure is now directed to 
universities. Many universities have difficulty accom- 
modating to EPRI's patent and equipment purchase 
policies. EPRI often asks for the return of equipment 
at the end of a project preventing university labora- 
tories from maintaining research continuity. 

; Another collective industrial organization formed 
ill' response to current energy research needs is the 
Gas Research Institute (GRI), formed in 1976. QRL a 
not-for-profit organization, plans, manages, and finan- 
ces a coordinated R&D program in gaseous fuels and 
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their use on a national level. Additionally, it manages 
and funds the cooperative research of the American 
Gas Association. 

GRI is supported by 197 companies on the basis 
of a funding formula. Many programs are coordinated 
and co-funded with government and industrial organi- 
zations. 

The research program is in four major areas and 
includes fundamental research. GR! contracts out all 
project work to leading research organizations. Unlike 
EPRI. nearly half of GRI's program is conducted at uw 
versities, through grants and contracts. In 1980. 5ti 
university grants were av/arded graduate students for 
thesis work In gas-related research. The trend of ufii- 
versity funding has been increasing: from $600,000 in 
1979 to a projected $5.2 million in 1982. 

As the large oil companies take over an increas- 
ingly large share of the energy industry, they have also 
stepped in to take the place of the utilities in financing 
new energy projects. This Includes the financing of uni- 
versity/industry research cooperation as well as Indus- 
trial exploration development and research projects. 
Many oil companies, of course, were already accus- 
tomed to working closely with university research per- 
sonnel and were highly research oriented. During the 
years prior to OPEC the utilities exploited oil industry 
research propensities. They often financed projects by 
smaller oil companies in exchange for guaranteed 
supply contracts. 

Increased university/industry interaction with i 
energy supply companies also results from the shoi t- 
age of manpower affecting the energy industry. With 
the increased efforts in oil and gas exploration and 
development and alternate fuel development there 
has been an ever Increasing need for geologists and 
engineers. Universities have been hard pressed 
meet these demands. The implications for the univer- 
sities have been been quite significant. With the sup- 
ply shortfall, salaries for university graduates have 
increased dramatically. Such demand for faculty and 
graduate students causes immediate problems at the 
universities in terms of retaining quality teaching and 
research. It is becoming of Increasing concern that 
such a drain will result in a long-term problem for 
industry. Future engineers and geologists may be in- 
adequately trained. In response to this problem, sev- 
eral types of university/industry interactions are being 
utilized; consulting, extension programs, internships, 
fellowships, personnel exchange, and institutional 
consulting, as well as direct salary supplements. 

Education extension programs have developed to 
keep Industry people abreast of the quickly develop- 
ing technologies and issues related to the energy 
industry. At least one of these programs is using video- 
tape presentations to permit the flexibility that indus- 
try often requires for retraining its personnel. 

Institutional consulting has been an infrequently 
utilized type of university/industry interaction, only two 
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instances noted in all the interactions studied. How- 
ever, in both of these, the industrial participants have 
been from the energy itidustry. One of the programs 
utilizes student consulting teams for short-term proj- 
ects. The other has the objective of bringing consult- 
ing onto campus rather than having the professor 
leave campus to consult. Student involvement is re- 
quired under this project. 

Because of the varied nature of energy research, 
university flexiblity across disciplines is particularly 
important. Twenty-nine percent ,of the energy related 
university/industry programs involve two or more dis- 
ciplines. Additionally, of the 24 research institutes, 
organizational structures established to facilitate mul- 
tidisciplinary research, over one-third are related to 
energy projects. 

Another attribute of the energy industry's utiliza- 
tion of university/industry interaction is the non-pro- 
prietary nature of the technology. Because of this, 
- patent rights appear to be less of a problem. There is 
a disproportionately large amount of multi-company 
cooperation in university/industry projects. Such co- 
operation may occur through trade associations, re- 
search consortia, or other multi-company interactions. 
The energy industry frequently utilizes joint ventures 
and cross licensing agreements and is at ease with 
cooperative situations when dealing with university/ 
itidustry programs. Many of the research programs 
undertal^en, whether involving the university or not, 
are very costly and therefore companies seel^ to share 
the costs and risl^s of projects. Thirty-one percent of 
the consortial arrangements cited involve energy related 
projects. 

The objective of spreading the risk and cost of 
developing energy related technology has resulted in 
numerous instances of government funding of projects. 
However, several companies and universities consider 
government involvement to belnhibiting to the research. 

Because basic research in oceanography and 
geology have the most direct applications to the 
industiy, the energy industry is most open to univer- 
sity/industry cooperation in these fields. Additionally, 
with the longer time horizon of many energy projects 

(i'5rN/ .synfuels, ph^^^ 

tify many opportunities for the research capabilities of 
the university. 

Because of the potentially lucrative returns from 
energ>' projects, many companies normally outside the 
energy industry have initiated programs with universi- 
ties on energy research. 

riunierous spin-off companies in the energy in- 
dustiy have arisen as the result of university based 
research. One northeastern university has a program 
to help these companies get started by housing them 
on campus and allowing them access to equipment 
and faculty. This program is not limited to energy 
related companies, but so far they are the most fre- 
quent participants. 
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Proximity aliso appears to play an important role 
for an energy company seeking out a university re- 
search partner, perhaps because of the geographical 
concentration of oil and gas. Twenty-nine percent of 
the energy university/industry interaction occurs in the 
southwest-south central region, where many of the oil 
and gas companies are located. Schools in this area 
tend to have well developed engineering and geology 
programs. 

The diversification initiatives undertaken by the 
large oil companies have led them beyond energy 
based technology ventures. VWth a treimendous availa- 
bility of funds, they have stepped into a new industry, 
biotechnology. Although some of the biotechnology 
projects involve techniques to improve enhanced oil 
recovery and production of methanol, many involve 
research only indirectly related to the energy industry. 
One major oil company has bought major seed com- 
panies. Basic molecular biotechnology for this com- 
pany will produce more than energy-related seed stock 
improvements. Indeed, such companies may be the 
future repositories for the many libraries of genetic 
material. How they take their responsibilities towards 
the world food community v/ill have a direct impact on 
developing countries. 

The avenues of investment have been quite varied, 
riew laboratories have been developed from scratch, 
joint agreements have arisen wdth new biotechnology 
firms, and several energy companies have turned to 
the universities to tap their expertise. 

One such university/industry endeavor has been 
quite creatively designed. A non-profit foundation was 
established which holds an equity interest along with 
the industry participants in a for-profit organization. 
The profits associated with the non-profit center's 
equity interest would be used to sponsor university 
research. Faculty from each of two West Coast univer- 
-sities are associated with this for-profit organization. 

c. The Building Materials and Construction 
Industry 

The building materials industry, and in particular 
the associated residential construction group, has 
experienced neither significant federal procurement 
nor much federal research and development support 
for either basic or applied work. Analysis of the resi- 
dential construction industry Indicates that unlike 
agriculture, it has neither the constituency interested 
in establishing applied research and development 
relevant to their needs, nor a sound scientific basis 
underneath its technologies (Quigley, 1982). This 
appears to be true to some extent for the building 
materials industry, though far less so. There, activity is 
evident in developing new products and applications. 

These industries lack a broad university scientific 
base oriented to their needs, which might provide new 
options for applied research and development activi- 
ties. One company manager said his company looked 
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to European university research programs when they 
needed basic research results related to company 
interests. 

Research and development as a percent of sales 
in the building materials industry averaged 1.1% over 
the last four years (Business Week, 1977-1980). Their 
ranking in this category out of 29 Business Week 
groupings was 22. However, in the riason-Steger study 
(1978), the building materials industry reported that 
they spent 6.4% of their total research expenditures 
($47M) on Basic research. 

Regulatory regimes strongly influence the techno- 
logical advance of these industries. The response of 
the building industry to regulation has been conserva- 
tive, Building codes and standards have stayed fairly 
close to prevailing technologies and materials.or simple 
modifications thereof (Quigley. 1982). One constraint 
on change has been the position of unions, a strong 
factor in the construction industry. 

There would appear to be research of interest to 
building materials companies at university-based mate- 
rials science centers, and perhaps in CAD/CAM and 
robotics programs. Of the programs we identified in 
this study, approximately 1% were supported by the 
building materials and construction industry. However 
the importance of regulation to these industries and 
the way it is interpreted tends to put them in a defen- 
sive research mode. They are generally geared to favor 
contract research to solve specific problems when they 
find it useful to support research outside of their own 
companies. Thus, they tend to look toward contract 
research institutes to supplement their own research 
programs. Further deterrents to the support of basic 
research at universities are that these industries are 
sensitive to the immediate economic climate and 
large fluctuations in the demand for housing and con- 
struction significantly dampens incentives for innova- 
tion in building construction. 

One university research scientist interested in 
developing a cooperative program with the construc- 
tion industry also pointed to his difficulties and frustra- 
tions on account of the atomistic nature of this indus- 
try. Several scientists and administrators involved in 
the development of the MSF sponsored furniture Insti- 
tute ar north Carolina State University-Raleigh sug- 
gested that the difficulties in developing this program 
were in largle part due to the fragmented nature of this 
industrial sector. 

d. The Chemical Industry 

The chemical producers as a group continue to 
be one of the most active, if not the most active, sup- 
porters of university research and training. Research 
interactions between academia and the chemical 
industry has a long and respectable history (Thackray, 
1982). Historically, the chemical industry has been an 
innovative one, particularly in process technology 



(Brown, 1981). Important to this effort is research and 
development, particularly basic chemical research 
which can open up new areas. To this end, the chem- 
ical industry continually seeks windows on new tech- 
nology. The industrial research laboratory appeared 
first in chemical and electrical companies. 

Research and development including basic re- 
search, continues to be an important element, of the 
chemical industry. As a whole, the industry spent $5.3 
billion on research and development in 1981, and $4.7 
billion (89.5%) of this was company funded {Research 
Management 1981). In 1980, chemical producers spent 
$4.6 billion on research and development {Chemical 
and Engineering Mews, 1981). Typically the industry 
spends 2.4% of its sales on research and development 
(Business Week 1977-1980). In 1975, the chemical 
industry spent 10.9, 37.9 and 51.2 percent of total 
company R&D expenditures on basic, applied and de- 
velopmental research respectively (rir'.son and Steger, 
1978). Among all industries, the chemical industry 
spent the largest percent of total research and devel- 
opment expenditures on basic research. Mason and 
Steger's estimate of the average proportion of indus- 
trial budgets allocated to basic research was 4.2%, 
less than half the proportion reported to be spent on 
basic research in the chemical industry. 

Basic research performed at universities contin- 
ues to be extremely important, to the chemical industry 
(Brown, 1981). There are strong historical links be- 
tween industry and academic chemists. Throughout 
the twentieth century, the majority of American chem- 
ists and chemical engineers have worked in industry 
(Thackray, 1982). In 1980, chemists accounted for 
about 45% of all scientists in manufacturing indus- 
tries (riSF, Scientists, Engineers and Technicians in 
Private Industry: 1978-80, (1981)). Although the long 
term importance of industrial employment of Ph.D. 
chemists and chemical engineers to the American 
chemical community has not been researched (Thack- 
ray, 1982), the large number of industrially employed 
chemists suggests a partial explanation of the contin- 
uing interest of chemical companies in university 
research and training. 

The mechanisms the chemical industry uses in its 
interactions with university research span all the cate- 
gories we identified. 

The chemical industry has always been generous 
in providing unrestricted grants to chemists and chem- 
ical engineering departmer\ts (See Chapter V). During 
the last decade, the chemiati industry had the greatest 
number of companies represented each year of all in- 
dustries reporting voluntary aid to education (Table 18). 
Of the companies reporting that they gave voluntary 
aid to research, the greatest proportion were chem- 
ical producers. In terms of total dollar expenditures 
on research, the chemical industry total was second to 
the petroleum refining and related industries. 
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Table 18 

Number of Firms in Eiach Industrial Sector Reporting Voluntary Aid to Education* 



Year 



Industrial Sectors 


1970 


1972 


1974 


1978 


1930 


\ Advertising 


1 


1 


N.A. 


1 


1 




17 


19 


26 


16 


17 




3 


3 


6 


1 


2 


Chemical & Allied Products 


23 


24 


44 


25 


29 


Electrical Machinery & Office Equipment 


13 


14 


28 


15 


12 


Engineering & Construction 


2 


2 


5 


2 


2 




5 


5 


8 


N.A. 


N.A. 


Food, Beverage & Tobacco 


3 


7 


16 


11 


11 




'14 


16 


20 


17 


19 




9 


4 


9 


8 


8 


fVlerchandising 


2 


3 


8 


6 


7 




2 


2 


2 


3 


3 




11 


8 


17 


10 


10 


Petroleum Refining & Related Industries 


15 


15 


23 


18 


15 


Pharmaceuticals 


N.A. 


N.A. 


N.A. 


5 


7 




13 


12 


17 


13 


10 


Printing & Publishing 


3 


3 


2 


5 


6 


Rubber 


N.A. 


3 


5 


3 


4 


Stone, Clay & Glass 


c 


3 


3 


1 


1 


Telecommunications 


2 


3 


5 


3 


. 6 


Textiles & Apparel 


4 


5 


6 


5 


3 


Transportation 


3 


4 


7 


4 


3 


Transportation Equipment 


11 


12 


14 


9 


8 


Utilities . : * 


11 


13 


16 


9 


9 


TOTAL 


172 


181 


287 


195 


198 



•Source: CFAE Casebooks 1970-1980 



N.A. = Not Available 

In our study, which included cases of voluntary aid 
to research and contract research, the chemical com- 
panies were represented in over twenty percent of the 
cases we Identified. Of the approximately ten existing 
university/industry partnership contracts where com- 
panies have committed annual sums of more than a 
million dollars over a period of years, approximately 
70% are sponsored by chemical companies. The par- 
ticipating companies include: du Pont Monsanto, 
Celanese, Moechst, Diamond Shamrock and the Allied 
Chemical Corporation. 

The chemical industry is a strong supporter of 
generic research centers at universities in polymer sci- 
ence, catalysis and materials science. Chemical com- 
pany support of generic research centers may be a 
reflection Oi the growing complexity of the technical 



base underlying this Industrial sector, and recognition 
of a need to solve complex multidisciplinary research 
problems. Many of the centers supported by the chemi- 
cal industry follow the cooperative industrial center 
mode where an industrial affiliates program is an 
essential part of the continuing base of research sup- 
port (See. Chapter IX, pp. 79-81). A description of a 
representative sample of these programs follows: 

University of Delaware-Center for Catalytic Tech- 
nology. The Center for Catalytic Technology at the 
University of Delaware is located within the Chem- 
ical Engineering Department. There are approxi- 
mately twenty companies represented from the oil 
and chemical industries, each contributing $25,000/ 
year. 

Personnel exchange Is facilitated by industrial 
sabbaticals of three to six months within the Center. 



64 



55 



Proprietary contracts have been undertaken at times. 

Because the Center is located within the Chemi- 
ci\\ Knyinecrinci Department, they have had to re- 
strict the si/c of tlu! pro(jrani to maintain a balance 
of departmental teaching and research capabilities. 
Additionally, this departmental affiliation has caused 
problems when the Center sought to bring chemists 
into various research projects. 

There has been a . certain degree of technology 
transfer from the Center, but this Is a secondary 
consideration for the companies. They are more 
concerned with access to students. 

Currently, one-third of financing comes from - 
industry, one-third from riSr, and one-third from/' 
tnission-oriented agencies. / 

Ca.s^^ Western fieserve-Center for Applied Poly- 
mer Research. A new program at Case Western 
Reserve is the Center for Applied Polymer Research. 
This program is supported by a $750,000 riSF grant 
over five years. Again, as In several other PiSP grant 
programs, the aim is to become self-sustaining at 
the end of one grant period. Unlike several other 
similar centers with many industrial sponsors (e.g. 
the MIT Polymer Processing Program), the university 
is seeking to get fewer sponsors to put in more 
money, with the feeling that this will result in greater 
cooperation by the corporate sponsors and a better 
return for their money. 

The research is to be tied closely to the needs of 
the sponsoring companies. The company will be in- 
volved in each project with a project investigator at 
the university and another at the company. The 
companies are granted patent rights. So far they 
have attracted four corporate sponsors to match 
the nsr funding. 

In addition to this Program, Case has operated a 
focused liaison program for the past seventeen 
years. There are twelve members at $20,000 each 
per year. These funds are discretionary and are 
used for equi[)ment, seminars and seed money for 
new projects. Personnel exchange, although not 
widespread, has been successful, with a sabbatical 
program bringing industry people to the university 
and various faculty spending summers working with 
industry. 

The Center of Unluersity of Mussachusetts-lnduS' 
try firsc.nrch on Polymers ( CUM I f<P)— University of 
Niissiichuse.tts. CUMIRP was started in 1980 with 
nSF seed money of grants of $1 million over five 
years. The >«^arly gratits decline over the time period 
with the objective of achieving self-sufficiency at the 
end of the five years (I.e. dependent only on indus- 
trial support). Currently, there are thirteen corporate 
sponsors each at $20,000 per year. Located within 
the university's Polymer Research Institute, the main 
thrust of the Center is towards basic research in net- 
work polymers and extended life polymers. Deter- 
mination of projects is made through a steering 
committee advised by a board which Includes repre- 
sentatives of the sponsoring companies. 

The nSP is experimenting with a new approach 
towards waivitig [)atent rights by the inclusion of a 
clause in the grant contract in which the university 
gets the patents and corporate sponsors get royalty- 
free licenses. An allowance has been made for up 
to a one-year publication delay. An important fea- 
ture in the structure of the program is the separa- 
tion of the technical direction from program man- 
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agement. There are three stages laid out for the 
MSF funding period; a one-year exploratory start-up, 
two-year theme definition stage, and a two-year pro- 
gram demonstration stage. 

All the members of the Polymer Science Digl- 
neering Department of the university must spend 
15-20% of the time at the Center. There will also be 
Adjuncts from industry. 

Polymer Processing Program-MIT. The MlT-lndus- 
try Polymer Processing Program is another program 
begun with fiSF seed money. Started in 1973 with a 
five-year grant forjust under $500,000, the program 
managed to achieve a goal of self-sufficiency after 
the riSr grant expired In 1978. This program Is 
directed towards polymer processing as distin- 
guished from the basic polymer industry. Research 
projects center upon the manufacturing of plastic 
and rubber products. 

The research is carried out by graduate students 
under the direction of faculty. Problems are Identi- 
fied by the director, with sponsor advice and con- 
sent. Technical review meetings are held quarterly 
to discuss the progress and directions of the proj- 
ects. The sponsors get royalty-free, irrevocable, 
non-exclusive license to patents developed while 
they are members. If a company wishes to use 
patents developed prior to their joining the pro- 
gram, it must pay licensing fees which are shared 
between MIT and its corporate sponsors. Allowance 
is made foi pre-publication delay with the under- 
standing that publication must be permitted for 
graduate student theses. 

Industry support Is determined by a formula, 
depending upon the level of the. firms' own plastics 
output, of between $20,000 and $80,000. 

Center for Composite Materials-University of Dela- 
ware. The University of Delaware's Center for Com- 
posite Materials was the first center at the university, 
created in 1974. flowever, it was not until 1978 that 
itidustry was brought into the program. The aca- 
dentic base was initially established through a 
[ Unidel (University of Delaware foundation) grant of 
$250,000. Over a two-year incubation period, the 
Center received government grants and support. 
The objectives of Center programs are to advance 
composite materials technology, train scientists 
and engineers, and transfer technology to industry. 
There are two aspects to the program; the normal 
research function and a design guide which docu-^ 
ments the state of the art in composite materials 
technology. This guide serves both to transfer tech- 
nology and to illuminate gaps in the existing tech- 
nology. In addition, workshops and progress reports 
are issued frequently to enhance this technology 
transfer. 

There are thirteen corporate sponsors who each 
contribute $30,000 peryear. About 25% of the spon- 
sors are chemical companies. The directors of the 
Center sought out companies that could contribute 
technically to the research at the Center. The director 
and associate director both previously worked in 
industry. To avoid any constraints on research activi- 
ties, government funds are kept separate from 
industry-funded projects. Additionally, the univc^rsity 
does not seek patents in order to avoid any conflict 
of interest with the corporate sponsors. 

Recently the chemical industry as a whole has 
taken a very innovative step in the formation of the 
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Council for Giemica! Research (CCR, see Chapter IX. 
pp. 81-82). The rationale of many participants was that 
m the loncj run the liealth and e\'en the viability of 
the United States chcniiail industry was dependent on 
the basic chemical research cavried out at universities. 
There was a perception among chemical manufac- 
turers that such research was seriously underfunded. 
Therefore, chemical manufacturers should foi m an 
organization to funnel extra financial support from 
industry to the academic: chemistry community. There 
has been a recent change in the emphasis of the pro- 
gram toward providing support for the training of grad-' 
uate students. 

In keeping with Thackray's thesis of the impor- 
tance of individual scientists in the history of univer- 
sity/industry research relationships in chemistry, this 
endeavor had a strong leader, Mr. M. E. Pruitt a former 
Vice President of Research from Dow Chemical Com- 
pany, lie initiated the original proposal, and served to 
bring together the initial corps of industrial and uni- 
versity representatives required to develop a consen- 
sus for action. 

e. The Instrumentation Industry 

the United States remained the wor'd leader in 
exporting instruments in 1980. Shipments of scientific 
and laboratory equipment continued to grow through 
1981 (U.S. Industrial Outlook, 1981). Technical ad- 
vances are the essential roots of this industry. The 
Instruments industry has on the average invested 
4.2% of sales over the last four years in research and 
development (Business WeeK 1978-1981). The national 
Science Foundation reports that in 1979 the profes- 
sional and scientific instruments industry ranked 
second to office computing and accounting machines 
in terms of company R&D funds as a percent of net 
sales (nsr. Science Outlook, 1981). The 1981 com- 
pany funded R&D was $2.3 billion for the industry as a 
whole (91.3% of total company R&D expenditures). 
Figures available for 1975 (Hason and Steger, 1978) 
indicate that the instrumentation industrial sector 
spent 5.3, 7.7, 87.6 percent of total resear'-.h expendi- 
tures for basic, applied and developmental research 
respectively. 

Some researchers make the case that the instru- 
ment companies do not invest enough money in basic 
research to develop new instruments and are there- 
fore dependent on academics or scientists outside the 
company to develop new instruments. Out of the total 
interactions we identified (465) only 6 instrumentation 
companies were involved, and none participated in 
cooperative research interactions involving monetary 
support of university research. 

The technological innovative capacity of this U.S. 
industry, recognized world-wide, can, however, be 
related to the strength of our university system. The 
conceptual basis for the instruments frequently comes 



from university scientists utio require a unique measure- 
ment capability to solve a problem. 

A recent study of 1 11 improvements of basic sci- 
entific instruments used in chemical and biological 
research reported that, of the 44 innovative concepts 
which were later incorporated successfully mto com- 
mercial products, 81% had been initiated by instru- 
ment users rather than by instrument manufacturers. 
Of these users who contributed the concepts, 72% 
wftre employed by universities or affiliated research 
institutions rather than by private manufacturing firms 
or other non-university organizations (Mippel, 1978). 

Indeed, an outcome of the university research can 
be the joining of university perspnnel with other entre- 
preneurs to form spin-ofT companies which carry inno- 
vative instrumentation developed at universities to 
commercial development. Foxboro is an example of 
an MIT spin-ofT company. Spin-ofT firms played major 
roles in the development of such modern instruments 
as ^he CAT scanner, state-of-the-art computer graphics 
devices and a variety of medical diagnostic instru- 
ments. Of the 144 spin-ofT companies we specifically 
noted in our present study, 10 involved development 
of a new instrument. We note here, however, that these 
were not necessarily a direct outcome of university/ 
industry interactions. 

It is evident from our study and others (Berlowitz, / 
et aL, 1980; Mippel, 1978) that university researchers / 
play important roles in the development of new scientific 
instrumentation through its use. The unique relation- 
ship between the instrumentation user to the pro- 
ducer is suggested in several anecdotes presented in 
this report (Chapter IX, pp. 69, 72-73). 

Researchers often provide the specifications for , 
special features to manufacturers, or modify instru- 
mentation altogether. The electron microscope was 
first developed by a beginning graduate student and 
its development was continued for many years by uni- 
versity researchers. This on-going process of develop-/ 
ment and modification at the university level eventually 
resulted in the perfecting of a very powerful tool for the 
investigation of molecular structures. However, univer- 
sities or. university scientists frequently receive little or _ 
no industrial monetary support for such research or 
funds in return for their efTorts. 

One scientist, in telling of modifications he made 
on tlie electron microscope, which lie published in a 
scientific joumaL pointed out that the instrument 
companies picked up on what he had done through 
their literature reviews. His research had been sup- 
ported by the Department of Energy and this agency 
licid the patent but did not claim royalties. He made 
no money on his invention and said he did not want 
to get involved. This attiUidc, while typical of the 
past may be changing. 

A significant amount of instrumentation develop- 
ment occurs at medical schools (see Chapter IX pp. 
72-73). 
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In instrumentation technology development it is 
sonictitnes difTicult to sort out the relationship of the 
sclcntinc methods or tcdinology to the instrumenta- 
tion hardware. This makes it particularly difTicult to 
determine questions of proprietary rights and free- 
dom of communication. Thus, while the instrumenta- 
tion company values the interaction with the university 
researcher, circumstances may require complex re- 
search arrangements. This may be particularly true in 
the field of medical instrumentation development. 

One medical researcher described a case where 
lie was given funds to develop a frontier research 
instrument. The company wanted no other funds 
involved, in order not to Jeopardize its patent rights. 
Therefore, the company which owned a laboratory 
in the participating medical research Institution. / 
assembled the equipment in that laboratory so that/ 
it would be readily available to the university sclen/ 
tist, and at the same time not jeopardize the com- 
pany's proprietary rights. 

This was a difficult interaction for all participants, 
i tie university scientist expressed concern about 
the speed with which he was allowed to publish his 
work and how he was allowed to present his research 
resu'ts. Yet he was anxious to be involved in devel- 
. opment of a leading-edge scientific instrument. 

The exact relationship of university and industry in 
tlie development of scientific equipment and instru- 
mentation will be the subject of a future study. But it 
is our present hypothesis that personal knowledge 
transfer mechanisms (university scientist participation 
on company advisory boards and consultancies) and 
active, aggressive marketing play the major roles, at 
this time, rather than cooperative research. Fart of the 
aggressive marketing techniques include equipment 
donation and requesting researchers to communicate 
any equipment difficulties and/or modifications. This 
may change as universities and industry devise new 
mechanisms for sharing instrumentation. 

One example is the recently established "People 
Kxchanc^e Program" at Purdue University. These 
arrangements allow university and Industry scien- 
tists to work together on projects of Joint interest 
and to learn each others' teclilques while sharing 
sophistlc-ited equipment. 

Another example Is the new practice of acquiring 
top-of-tlie-line equipment such as electron micro- 
scopes and computers, through debt financing and 
retiring the debt througli user fees (see Chapter IX. 
p. 69). This may also encourage this shared instru- 
mentation use. 

Shared equipment use may result in new coopera- 
tive arrangements and have important consequences 
for equipment for development and manufacturing as 
well as help the university maintain access to state- 
of-the-art equipment. 

Recently deep concern has been expressed that 
scientific instrumentation obsolescence in research 
universities and inadequate resources to replace this 
equipment may impede the unique relationship be- 
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tween universities and the industrial sector. Industry 
statistics indicate that in the period from 1976 to 
1980, sales of instruments shifted away from the edu- 
cational market. In 1976, 18% of instruments sold 
went to educational users; by the third quarter of 1981, 
the figure had declined to 11%. One of the major 
manufacturers of state-of-the-art high-field nuclear 
magnetic resonance (i^MR) equipment states that they 
have not had a new instrument order for a year. The 
actual amount spent on instrumentation by universi- 
ties has not kept up with infiatiorr This has resulted 
in manufacturers shifting their production away from 
the type of state-of-the-art equipment which is required 
for research, and which is likely to be refined by uni- 
versity users, and toward more routine instruments. 
State-of-the-art instrumentation becomes even more 
expensive^s fewer units are being produced. 

Instrument manufacturers as indicated above have 
always participated in the production of frontier equip- 
ment with little commercial prospect in order to main- 
tain their ties with academic scientists and stay at the 
forefront of their fields. As capital becomes less fiuid 
and as universities become a smaller share of their 
market, manufacturers are less likely to do so. Expen- 
sive hand-made prototypes will then become even 
more expensive to acquire. In addition, the transfer of 
new ideas from state-of-the-art equipment to routine 
product lines will be slowed and U.S. manufacturers 
may lose their international competitive edge. Thus, 
providing the climate to maintain university/industry 
interactions within the instrumentation industrial sector 
may be of particular importance for business develop- 
ment and international trade, as well as a means of 
technology transfer. 

f. Microelectronics Industry 

In contrast to many other industries, research in 
microelectronics has been traditionally dominated by 
industry. Research and development as ^ percent of 
sales over the last four years is highest in the com- 
puter and semiconductor industries, 6.1 and 5^B% 
respc=!ctively (Business Week, 1978-1981). For many 
firms in Silicon Valley this figure is closer to 10%. A 
more detailed description of the microelectronics 
industry is given in a book by Piico Hazewindus (1982). 
Univeriiity scientists have always rnaintained ties with 
this research base but, in response to a number of 
factors, they are now making greater efforts to develop 
broader university based research programs. A small 
number of universities have developed iiiultidisciplinary 
centers for microelectronics research in cooperation 
with firms in the industry. 

There are a number of reasons why these centers 
developed! 

1 . The rapid grouch of the industry has increased 
demand for graduates and a manpower short- 
age developed (see Chapter Vll, p. 34). 
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2. The laboratory facilities at the universities 
lacjged behind the state of the art, so that new 
graduates were not trained in current tech- 
niques. 

3. Industrial positions seemed to attract present 
and potential faculty at higher pay. 

States have acied to attract high technology com- 
panies strengthening the university structure through 
support of microelectronic facilities and faculty. The 
complex technical growth In microelectronics is strain- 
ing the resources of even major firms to pursue ail 
directions of Interest, leadlhg to cbllective "support for 
university basic research. 

The following is a brief description of the major 
academic research centers in the U.S. concerned with 
microelectronics: 

Stanford University— Center for Integrated Sys- 
tems. The Center began formal operation in Tebru- 
aiy, 1 9B 1 . Three departments at Stanford ^.ooperate 
in this Center— coni[)utcr science, physical science 
iind materials science. 

Seventeen s[)onsors frotii industry are Involved. 
r:ach sponsor agrees to contribute $250,000 a year 
over a period of three years for use of the facilities 
and support of tlie educational and research activi- 
ties at the Center. Tlie sponsors receive some privi- 
leges such as early access to scientific results. A 
numl)er of policy matters remain to be decided by 
the steering group of university and company spoii- 
sored representatives; but it is agreed that the indus- 
trial members oin send individuals from their re- 
search and engineering groups to carry forward 
l)oth research and advanced learning activities in 
Ihc Center. Presently some members from industVy 
are on campus. 

In addition, the Center has obtained an $8 million 
contract from the Defense Advanced Researcli Proj- 
ects Agency (DARPA) to serve as a fast-turnaround 
facility for very large scale integration (VLSI) researcli. 

Niissachusctts Institute of Technology Microsys- 
tems Program, Recently, MIT put forward a proposal , 
to increase activities in the microelectronics field. 
The existing Microsystems Researcli and Education 
Program at MIT covers researcli effv^rts in a wide 
range of projects conducted in the Artificial Intelli- 
gence laboratory, tlie Center for Material Science 
and Engineering, the Ljboratory for Computer Sci- 
ence and tlie Resoarclj l^boratoty of Electrbnics. 
The subjects incltidc itjbmicron strtrcttires, seml- 
condtictor processing, large-scale circtilt theory,' 
i/LSI design automation, /LSI complexity theory and 
integrated circui: {!C) >S3'steriis arcliitecttire. 

The new program will be centered around a new 
Vl,Sl laboratory, featuring a computer-controlled 
rast-turnaround processing facility for manufactur- 
ing VLSI circuits. Additionally, the existing labora- 
tories wotild be expanded to accomodate the new 
researcli programs envisaged. 

The '.entral theme of the efforts will be the Inte- 
gration of the variotrs efforts needed for VLSI pro- 
duction. This requires a thorough understanding of 
the lull range of activities that constitute this proc- 
ess, from semiconducting materials to systems 
design. This should lead to a comprehensive effort 



to manage the complexity of large-scale system 
design. 

MIT proposes to finance this program by means 
of gi ants from corporations which would participate 
in a new Microelectronics Industrial Group, either as 
founding members' or contributors. Several exclusive 
benefits to the participants are proposed. Including 
a program for visiting Industrial researchers, work- 
shops and seminars, it Is expected that the VLSI, 
research facility will become operational In 1984. ' 

Organizationally, a Microsystems Adv1->ory Council 
(composed of representatives from the sponsoring 
industries) will assist the Director of the Microsys- 
tems Research and Education Program. 

California Institute of Technology-Silicon Struc- 
tures Program. The Silicon Structures Program at 
California institute of Technology was organized in 
1978. Initiated by Ivan Sutherland, who h?.d been 
brought to CIT to start the computer sciences 
department the program is organized as a research 
consortium. The Importance of industrial contacts 
cannot be understated. Sutherland, in addition to 
owning his own company has worked in Industry. 
The plan for the program was developed with the 
help of previoLiS Industrial contacts. 

rive of the six companies that they had contacts 
with and ^sked to join did so dBM, mtej, Xerox, Hew- 
lett-Packard and DEC). The program receives sup- 
port from nsr. but this did not begin until tne pro- 
gram was already under way. The companies pro- 
vide money and equipment (12 corporate sponsors 
are presently involved, each contributing $100,000). 

Several potential sponsors chose not to p)artlclpate 
due to the university's policies. First, all research 
occurring at the university is rigorously regarded 
as public information. Second, the university recer^s 
all patents with the companies getting royalty-free 
licenses. 

An Important feature of the program Is the indus- 
trial sabbaticals which last from 1-1^/^ years. Senior 
company scientists teach and work with graduate 
students. A company's success is largely a function 
of the quality of people they send to the university, 
as well as the ability of some program participants 
to continue the line of research begun 't? the uni- 
versity program when they return to industry. 

The objectives of the program are two-fold: one Is 
to develop closer ties with Industry, and another 
Is technical In nature, to Improve IC design. The 
program Is based on exploring the techniques 
developed by Lynn Conway and Carver Mead in chip 
design. 

The ultimate object;ye of the program is technol- 
ogy'transfer. There are ties unth Carnegie Mellon, 
MIT, and th6 University of Washington 'through the 
software developed at Cal Tech. At this point, they 
are looking to set the direction of the second phase 
of the program. 

University of California at Berkeley. Berkeley has 
a centralized microelectronics technology facility 
that is shared among many faculty members and 
students from many disciplines. Its achievements in 
the past have included: 

— computer programs for transistor design, " 
process development and clrcuit^simulations 

— novel device concepts, such as switched- 
capacltor filters 
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— ccrlain new circuit designs, such as anaiog- 
lo-digital conncclorb. 

Ki*c enUy, iUr (jovri nor of California proposed 
lhat Ihe sUilc support Ihc aclivitlcs of the elecf.ical 
(Tnyinccring and computer science departments at 
l5erKeley with a substantial amount of money. An 
apparent objective of this proposal was to counter- 
act the activities of other states which are actively 
try ing in lure high-technology companies away from 
California. 

A iiiain goal of the program is to enlarge and re- 
ecjuip the antiquated microelectronics technoltji- 
cal facility with the necessary clean roojns and 
mcKlcrn equipment for lithography, processing, test- 
ing and cliaracterization. This will give Berkeley the 
necessary facilities to continue its educational and 
research programs at a more sophisticated level. 
The inletition is to pursue a policy of direct access 
to the facility for as many people as possible. 

runding of tlie subsequent research projects would 
be (lone cooperatively by tlie state and industrial 
sponsors. This so-called MICRO-program (Micro- 
electronics Innovation and Computer Research 
Operation) could substantially advance the size and 
level ol the future microelectronics and systems 
activities at l5erKeley. 

Uniuc.rsUij of Minnesota, Minneapolis. Tlie micro- 
electronics center at tlie University of Minnesota 
originated from discussions between university sci- 
entists and Control Data Corporation representa- 
tives about solid state surface science. The univer- 
sity is well Known in this field (MSF established a 
national center for surface analysis techniques at^i 
Uu: campus) and suggested that novel -techniques 
nii(^lil be applicable to integrated circuit technology. 

Tliese discussions led to a grant from Control 
Data Corporation, later (mid- 1980) augmented by 
grants Trom Honeywell and Sperry Univac. The pur- 
pose of the grant was to establish a basic research 
program in microelectronics and information sci- 
ence, inclufiing surface science. The Microelec- 
tronics and Information Science Center (M.E.I.S.) 
was established to carr>' out this task. Industry has 
contributed about $7 million to the Center. 

The Center has focused on four areas of rnicro- 
eicrctrc^nics research: soflware engineering, design 
atilomalion, new device physics, and new materials 
for microelectronics. 

The university has first rights to seek a patent 
Iroin any researcli coming out of M.E.I. 5. Once tlie 
university obtains a patent, the Center's patent 
policy allocates 50% of potential royalties to the 
university, 25% to the college and 25% to the indi- 
\ i(luarprofess(3r or~si u^ However, irfthe case "of 
corporate sponsors, licensing fees can be written off 
the Initial gift to the Center. The university vyill 
license the patent to anyone. 

I he management structure that evolved after 
soiuc time includes a management team of a direc- 
U)r. assistc^cl by three associate directors. A group of 
eight refMesentatives from sponsors and partici- 
paling clepartments serves as an advisory board 
regarding the program and policies. 

Mi( n)('Ac( imtU(;s Cr.nler of tiorih Carolina, fiesearch 
Tt iiinfilc f\irk. The goal of the Microelectronics Cen- 
tei oi Morlh Carolina is to develop an educational 
and rescrarch activity in microelectronics that will 
estalilish Mortli Carolina as a national center in this 
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significant technology. The state has actively been 
seeking to further the establishment of high-tech- 
nology industries (see Chapter X, p. 109). Earlier, 
this resulted in the creation of tlie Research Triangle 
Institute, a no:vpr6fit R&D organization, and the 
Research Triangle Park, where a number of com- 
panies have established research laboratories. In 
this context, ^an active and high-level university sys- 
tem is regarded as a major asset; both as a source 
of manpower and research, and as an intellectually 
stimulating environment. 

The MCnC will be formed by the following parties: 

five universities (Duke University, north Caro- 
lina State University, riortn Carolina Agricul- 
tural and Technical State University, Univer- 
sity of north Carolina at Chapel Hill, and the 
University of north Carolina at Charlotte) 

— one non-profit institute (Research Triar ;Ie 
Institute). 

A close cooperation will be established with the 
north Carolina Community College System. The 
Center will have a VLSI computer-aided design facil- 
ity, which will be connected with data links to the 
participating institutions. A complete, modern IC 
fabrication facility will also be located at the Center. 

These sophisticated facilities will be used by the 
participating institutions to improve and expand 
their educational and research activities in VLSI 
technology and systems. This wifl be facilitated by a 
system of video links allou 'ng specialized classes to 
be shared by the different institutions. 

It is expected that the universities will be able to 
educ-ate an increased number of scientists trained 
in VLSI, which may prove attractive to a broad range 
of high-technology companies. General Electric has 
been the first company to announce its decision to 

- establish a major research center for chip fabricat- 
ion in the vicinity of MCnC. 

Summary of Academic Microelectronic 

- Research Centers ? 

In reviewing university industry interactions, several 
different areas of specialization can be distinguished. 

— Stanford and MIT intend to secure a leading 
position Jn "VLSI-Science." Both have estab- 
lished special organizations to obtain that goal. 

— U.C. Berkeley's goal is to be a center of excel- 
lence in VLSI techniques. One observer believes 

— that- Bcrkeleys center-is more student-oriented 

than MIT and Stanforr*. Plo special organiza-.. 
tional arr.^(igement is required. 

— The activities of Cal Tech's Silicon Structures 
Ptc ject focus on th : problem of VLSI design 
metiiodology. 

— The research centers at the University of Min- 
nesota and the University of Piorth Carolina 
provide examples of regional models. 

Each of these centers is multidisciplinary and all 
except .>erhaps for M.E.I.S, are making forcefiil attempts 
to bring engineers and computer.scientists together. 
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The sophisticated integration of these centers>na>L 
reflect the long traditional interactions of microelec- 
tronics companies with academic research and the 
high general inveistment in research that iias been 
inherent to the structure and development of this 
industrial sector. 

g. Mining and Minerals Industry 

The mining industry embodies technology through- 
out its operations. It draws upon biology, chemistry, 
physics, electronics, and every branch of engineering. 
But because It Is a mature industry, perhaps second 
only to agriculture, and heavily capita! intensive, its 
lijikages with universities are very different from those 
industries such as pharmaceuticals or computers. 

A mining company normally conducts the range of 
activities given in oversimplified form by: 

( 1 ) Exploration— geology, geophysics. 

(2) Mining — mechanical and civil engineering, 
transport. 

(3) Ore processing — comminution, flotation, biol- 
ogical leaching. 

(4) Production of mccal— process metallurgy, 
electro-refining, chemical separations. 

The products are a few simple shapes, e.g., ingots 
and wire bars, and occasional metal powder or chemi- 
cals for industrial processes. The subsequent steps by 
which the elementary metal shapes are converted to 
products such as sheet, tube, and wire composed of a 
single metal or an alloy are conducted by metal fabri- 
cating companies. Wl/'le many of the large mining 
companies are vertically integrat -d and have fabri- 
cating divisions or subsidiaries, there is a major metal 
industry of independents not part of any mining com- 
pany. Metal fabrication calls upon process metallurgy 
and the sciences related to the structure of metals 
and alloys. 

In short, the mining industry or, better, the metal 
and mining industry, has a broad network of co/.tacts 
with technology generally, and with the technical activi- 
ties of universities. Yet it is not considered "high tech- 
nology" and it rates low in terms of its percent of sales 
devoted to R&D. Let us examine briefly the nature of 
the technical activities of the industry, its needs and 
characteristics, and the resulting impact of all this on 
university interactions. 

Since the products of the industry have to be 
essentially identical in properties with competitors, 
domestic and foreign, the principal focus of R&D is on: 

(1) lowering operating costs, 

(2) lowering the capital cost required to add addi- 
tional facilities, and 

(3) improving exploration techniques. ^ 

There is considerable activity in certain metal fabri- 
cating areas to develop new products and enlarge 



markets, as in the case of aluminum versus steel for 
containers, for auto bodies, and so on. Much of this 
effort also emphasizes lower cost, thinner sheet, dif- 
ferent forms of product. 

Thus, the \\ -ustry emphasizes process research. 
This can fall into several categories: 

(1) Modest Improvements of present processes 

(2) riew approaches t^^ present processes 

(3) Development of wholly different processes. 

The cost of conducting R&D obviously increases 
as one goc'j *rom category (1) to (3). Equally important 
the cost of an actual installation of a process change, 
even of a pilot plant operation, increases dramatically 
from category (1) to (3). 

In practice, iihen, the metal and mining industry 
stresses R&D to improve present operating processes, 
riew approaches may be pursued, but pilot plant costs 
can be a major barrier to implementation. And major 
new systems as, for example, development of seabed 
mining, require consortia of the great mining com- 
panies to pursue serious efforts. It is therefore not 
surprising that the internal R&D activities conducted 
by Lhe metal and mining industry are modest. 

But these do not provide the total picture of tech- 
nical chr .ge related to that industry. The industry has 
constraints related partly to capital requirements, 
partly to the value added by R&D; These constraints 
are not necessarily present for suppliers and users, 
as will be mentioned now. 

Traditionally, many advances related to the indus- 
try cor.ie from suppliers, who can spread their R&D 
costs over many purchasers, and for whom this R&D is 
incremental to other efforts, for example, improve- 
ments in flotation chemistry are pursued by chemical 
companies. The de> e^opment of huge trucks to carry 
lOC-ton ore loads, permitting the elimination of rail- 
cars at the mines, required major programs on four- 
wheel electric drives by the electrical equipment man- 
ufacturers. Control equipment, process equipment, to 
minimize environmental problems, and advanced 
instrumentation all emergeTrom those suppliers. 

Furthermore, tedinical advances in material proper- 
ties normally represent lar greater valine to the product 
or system which uses these materials rather than ■ 
the producer of a thousand pounds or a thousand 
tons. The high-strength alloys required for modern jet 
engines result from research conducted at General 
Electric, Pratt & Whitney, and the engine manufac- 
turers. Basic research on the electric properties of 
selenium used in xerography was carried on by the 
Xerox Corporation not the mining companies which 
sold only pounds of selenium for each machine. 

rinall y since the use of our natural resources has 
traditionally been a matter of national concern, we 
must also consider the role of the Bureau of Mines. Its 
rr-any laboratories, located in key mining areas of the 
country, do conduct programs that can lead to lower 
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cost processes for the difTerent metals, or serve to 
conduct the early stages of greatest technical uncer- 
tainly for new metals, as in the case of titanium. 

It is against this hroaci background of industrial 
and government K6cD in the metal and mining industi-y 
that we must now consider the linkages with universi- 
.ies and the role of university research. This industry 
is not technology' driven and therefore tends to mini- 
mize support of university research. Yet the modest 
amount of basic research in process metallurgy at uni- 
versities is essentially i/ie source of basic research 
for thi. industry. Much of the early pioneering research 
in notation, the approach which makes open-pit min- 
ing of low grade ores economic, was done at MIT. 
Today, advances in comminution go on at the Univer- 
sity of California and the University of Utah, and so on. 

The university programs are modest for the same 
reasons the company programs are modest. Process 
iiielallurciy research past the bench stage becomes 
expensive very rapidly, and any reasonable-size pilot 
plant becomes a major capital investment decision. 
Even university-based institutes, such as the Minne- 
sota Minerals Resource-Center, have difficulty main- 
taitiing the infrastructure and funds necessary to 
operate its experimental pilot plant. Whether the 
industry does not want to change rapidly or dramati- 
cally is not the issue. It cannot afford to do so, unless 
the new structural changes resulting from acquisitions 
of mining companies by oil companies change this 
status. 

What tlie industry must have is a reasonable at- 
traction for the wide range of technical graduates 
needed in its operations: research, engineering, pro- 
duction, and so on. Despite the fact that technical 
activities emphasize process improvements, the con- 
version of advances in electronics, computer sciences, 
chemical processes, and the like to the continual up- 
grading of mining and metallurgical processes can be 
critical to the productivity and health of the domestic 
induslrv. This calls for high quality technical personnel 
with bioad scientific background who might be a^- 
tracted to more glamorous-appearing industries. This 
is perhaps another reason th^t this industry tends to 
support educational training programs (e.rj. the Colo- 
rado School of Mines) rather than support research 
directly. 

An important function served by industry support 
of university research in mining and metallurgy is at- 
tractinc 'he interest of bright students. How many cen- 
ters of excellence among mining schools should be 
maintained is a critical question. 

h . rim mm ceui ica Is 

hi pharmaceuticals, as in agriculture, significant 
federTnl monics~Piave gone into basic research and into 
the establishment and maintenance of programs to 
trai 1 scientists (Qrabowski and Vernon, 1982). The 



pharmaceutical firms, as do research universities, 
maintain strong litikages to ongoing research at the 
national institutes of Health. The pharmaceutical ties 
are pritnarily through personnel exchange, personal 
contacts and participation in scientific conferences 
and advisory committees. 

The pharmaceutical companies do very little gov- 
ertiment contract research. In 1980, approximately 
0.4% of pharmaceutical research and development 
expenditures came from government grants and con- 
tracts (Chemical and Engineering Tieivs, 1981). Al- 
though drug companies have participated in govern- 
ment funded cooperative university/industry research 
programs/ in general, they are not enthusiastic par- 
ticipants in such programs. This pattern of having 
extensive outside research ties but being reluctantly 
involved in outside contract or grant research (except 
in the special case of cliiiical trials), also holds true in 
general with regard to the pharmaceutical firm's inter- 
action with university research. 

Yet this industry is very actively engaged in re- 
search and development. The ratio of research and 
development scientists and engineers per thousand 
employees is quite high in the drurj industry, with an 
average over the past five-years of 62. In chemicals and 
allied products, this ratio is 41 per thousand, while 
the average ratio overall industries is 27 per thousand 
(Chemical and Engineering news, 1981). Drug com- 
panies are extremely supportive of basic research, 
particularly in-house basic research. Research and 
development (R&D) spending among the drug com- 
panies rose from $1.63 billion in 1979 to $1.9 billion 
in 1980— a gain of 16% (Chemical and Engineering 
news, 1981). Average spending on R&D over the last 
four years in this industry is 4.8% of sales (Business 
Week, 1978-1981). In 1975, the pharmaceuticals spent 
5.1, 38.6 and 56.3 percent of total R&D expenditures 
on basic research, applied research, and development, 
respectively (Plason and Steger, 1978). While the phar- 
maceutical firms spend large sums of money on basic 
research in-house, figures we collected indicate that 
a small percent of total R&D expenditures (0.5-1.8%) 
is spent in support of university basic research. There 
is a continuing compromise between the tendency of 
drug companies to cooperate in basic research and to 
draw back because of proprietary concerns. This ten- 
sion is enhanced by the fact that in the past a large 
number of pharmaceutical innovations have derived 
from external research (Mansfield, 1971), and the cur- 
rent need to maintain proprietary control grows as 
competition increases in the new fields of biotech- 
nology. The drug companies, however, must ally them- 
selves with medical schools in order to follow govern- 
ment mandated testing regimes for their new drugs. 

Unlike many industries, pharmaceutical firms 
spcnd-largr sums of money for applied research and 
development at universities (e.5. in clinical trials and 
toxicity testing). The proprietary and regulatory con- 
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cerns of the pharmaceutical firms are important fac- 
tors in this practice. 

PtUcnts arc considered by pharmaceutical firms 
to be essential if a new drucj is to be profitable for 
the company that creates it. Indeed, the history of 
tlie pharmaceutical industry indicates that the present 
structure would have been different had the courts 
ruled that antibiotics as natural substances could not 
be patented (Qrabowski and Vernon, 1982). 

Since the effective life of a patent in the pharma- 
ceutical industry depends on the relationship between 
the issue date of the patent and the date of the com- 
mercial introduction of the product, pharmaceutical 
firms tend to seek outside research help after they 
have established their patent rights or when the re- 
search is very far remced from a product. Thus, legal 
protection of proprietary rights is extremely important 
and hence inay explain the smaller amount of coop- 
erative research sponsored by this industry than one 
would expect from such a highly science-based sector. 
In funding contracts and grant research at universities, 
drug companies are frequently adamant about obtain- 
ing exclusive licenses, if not patents. In our sampling 
of cases, pharmaceutical companies were represented 
in 21 of the cases, 81% of which were cooperative 
research programs. There may be a growing tendency 
for pharmaceutical firms to support basic research at 
universities because of growing interest in recombi- 
nant DPIA technology. 

It is also evident that drug company participation 
in liaison programs is increasing, particularly in new 
biotechnology and biochemistry programs. In keeping 
with the large numbers of scientists and engineers 
within this industry, drug companies contribute signifi- 
cant amounts of graduate research fellowship support. 

Through personal contacts, the drug companies 
are ver>' much in touch with the university research 
system. The level of participation in these activities is 
probably greater for the drug industry than most other 
industries. Many drug companies have 100 or more 
university consultants on retainer. In comparison to 
other industrial sectors, many drug companies supply 
on company salary, free to the university, a relatively 
large number of adjunct professors (30-75) to univer- 
sity departments. 

Pliarmaceutical companies sponsor many scien- 
tific and technical meetings and they also send their 
scientists regularly to such meetings, seminars and 
workshops. It is also our observation that this tech- 
nical area, is characterized by a high degree of univer- 
sity/industry sectoral mobility. 

The pharmaceutical finns look to universities for 
screening of compounds. In 1979, screening, testing 
anol clinical studies took 40% of the drug industry total 
R&D expenditures, while synthesis and extraction took 
15.6"/o in outlays {Chemical and Engineering flews, 
1981). The exact amount spent at universities on 
screening, although unknown, may be on the order of 
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$100 million. The amount spent on testing and clinical 
trials can be estimated to be $100-300 million. 

Pharmaceuticals is an industry marked by compli- 
cated regulatory-procedures, as pointed to above, 
which significantly affect its cost of R&D. Several dif- 
ferent company representatives pointed out to us that 
the industry may spend up to 3% (a figure which is 
contrary to data we received) of its total R&D expendi- 
tures on university basic research, but a much larger 
amount (up to 10% and consistent with figures re- 
ported to us) is spent at universities on clinical trials, 
in response to government regulations. 

Drug compary R&D spending by U.S. firms dou- 
bled between 197- and 1980. A partial explanation is 
the increasing cosi n tiv cting government regulation. 
Recent studies have sliown that regulation has signifi- 
cantly increased the R&D costs and delayed the intro- 
duction of new drugs compared to the date of intro- 
duction with different regulatory regimes (Qrabowski 
and Vernon,! 1982), A few scientists (from industry and 
academia) suggested that basic research money had 
been reallocated to research designed to meet govern- 
ment regulation. 

The money spent at universities for clinical trials 
and meeting government regulation is usually in the 
form of applied contract research. However, some sci- 
entists stated that these large contracts also provided 
them with enough funds to continue their basic re- 
search programs as well (see Chapter VI, Section C). 

B. Variation Among Universities 

Universities and departments within universities 
differ widely in the kind of research interactions they 
will have with industry, Tor example, one chemistry 
department far from the top, as ranked by their peers, 
perceives itself as a pure basic research department 
that will only take non-contractual funds from industry. 
That department considers polymer chemistry, for 
example, too applied for its interests. \l would like to 
have a scientific affiliates program but is not viewed 
as an elitist institution by industry. 

Where elitism is mutually perceived, universities 
generally have little difficulty attracting a v^de range 
of industrial funding. A president of a prestigious uni- 
versity is approached directly with offers of support or 
cooperative agreements. Sometimes the projection of 
elitism is found grating by industry scir-ntists, who 
resent being treated as secojrid-class citL: 'is. Theyv^ll 
prefer working with a university Vi/hose self-image allows 
it to become absorbed in the industr/s interest. 

Engineering-oriented schools of comprehensive 
universities with large engineering faculties are most 
apt to devise practical and applied research programs 
which can be supported by contract research. Indeed, 
the size of an engineering school can be related to 
industrial support at a university (Table 19), There is 
a prevalence of interest at these institutions in devel- 
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Table 19 



Average Industrial Funding of University R&D Expenditures and Average Size of 
Engineering Schools Over a Period of Five Years (1976-1980) 



Engineering School SIze' 





Average' 


Average R&D Expend. Within 


Average Number of 


University 


Industry Funding 


Engin. School 


Graduate Students 




(thousands of $) 


(thousands of S) 


Enrolled 


Massachusetts Institute of Technology 


6.669 


67,391 


1.697 


1 1 nix/prcitu nf Dn^hoctor 
uiiivcioiiy ui rtuuiicbici 


6.639 


10,962 " 


218 


University of f^ichigan 


5,031 


16,650 


1,046 


Carnegie Mellon University 


4,848 


6,138 


530 


Pennsylvania State University 


4.610 


11.297 


510 


Georgia Institute of Technology 


3,973 


22.700 


893 


1 1 nivprcitu of Arl7nnn 


o,ioo 


3 723 


432 


Purdue University (all campuses) 


3,350 


14,603 


914 


Harvard University 


3.235 E 


2.622 


160 


University of Southern California 


3,143 


13,373 


1.173 


University of Minnesota 


2.855 


6.648 


634 


1 1 ni\/or citv/ r\f tllinoic (1 lrHs)ns)l 




1 0,0 f o 


1 541 


University of Wasnington 


2,378 


5.280 


745 


University of North Carolina (Raleigh) 


2,134 


6,116 


527 


University of Wisconsin (Madison) 


2,013 


8,425 


695 


Colorado State University 


1.659 


8.496 


384 


QtanfnrH 1 Iniv/prcitv/ 


1.496 


22 079 


1 430 


Case Western Reserve 


1.304 


7^810 


409 


University of Maryland (College Park) 


1.243 


3.635 


507 


University of Utah 


1.121 


5.553 


436 


University of N. Carolina (Chapel Hill) 


1,006 


1,599 


128 


ricnbbcicicr r^uiyiccriiiic inauiuic 




5 615 


797 


University of Texas (Austin) 


939 


8^942 


898 


California Institute of Technology 


922 


7.044 


330 


Washington University 


827 


5,099 


0 293 


Duke University 


825 


1.466 


92 


univcrsiiy ui UcidWdrc 


f 0£. 


2 401 


221 


University of Chicago 


742 


' NA 


NA 


Lehigh University 


713 


3.885 


449 


Clemson University 


600 


3,393 


220 


Princeton University 


526 


6,187 


220 


Louisiana State University 


522 


2,471 


218 


University of Houston 


456 


1,607 


660 


Colorado School of Mines 


ti 441 * 


2,659 


443 . 


Yale University 


439 E 


2,094 


78 


Johns Hopkins University 


363 


967 


127 


Rice University 


186 E 


1,527 


130 


University of California (Los Angeles} 


89 E 


6.439 


NA 


University of California (San Diego) 


0 


NA 


NA 



'Source: N S F, Ex pen ditures for Scientific A ctivities a t Universities & Colleges, 1 9 75: N S F, ^ ca demic Science, 1976-1 98 J. 
^Engineering Education, "Engineering College Research and Graduate Study," March. 1980 & 1981. 



*4 year average 1977-1980 E = Estimated 

"4 year average 1976-1979 

""University of California does not collect this information. 



oping centers devoted to research in manufacturing, 
robotics. Industrial control, computer aided design. 
Integrated graphics, and bioenglneerlng. A developing, 
bustling, smaller Institution may be well placed to 
corner the market In specialized areas, using such 
opportunities as a strategy for growth. 

The importance of top level administrators In set- 
ting the tdhe for university/Industry research cooperation 
and encouraging such Interaction has been alluded to 
several times In this study. In several of the institu- 



tions visited, both public and private, new administrators 
had recently been hired with specific directive to foster 
university/Industry research ties. At one mid-western 
public university, the president, a former faculty mem- 
ber, stated that he had received enthusiastic response 
to a speech he had given on university/Industry research 
cooperation. Although he, as a faculty member, had 
not perceived any real barriers to university/industry 
research cooperation, the letters he received from his 
constituency Indicated that many faculty members 
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perceived otiierwise. During visits with faculty mem- 
btr^s at tills university, reference was continually made 
toltlic new [)resldenl's support of university/Industry 
resciirch cooperation; which^was~fclt to be a- change- 
from the previous president's policy. 

Many major universities which have a continuous 
liigh level of industrial support have cultivated some 
special Interest area. Table 20 shows the five-year 
average industrial funding at the 39 universities In- 
cluded in tills field study. At least the first twelve uni- 
versities ranked in order of Industrial support have 
industrially funded programs in what can be character- 



ized as specially cultivated areas of research strength. 

Regional economics and local Industry are some- 
times reflected in the educational focus of a university. 
For-examplc the premier department In the world for_ 
petroleum engineering is found at the University of 
Texas at Austin. The most comprehensive university- 
based microelectronics research program is to be 
found in Silicon Valley. A major eastern university has 
an excellent aerospace department which has grown 
in conjunction with the local aerospace companies. 

Sometimes local Industry can infiuence the state 
legislature to allocate state resources to form an Instl- 



Table 20 

R&D Expenditures at Selected Universities Given as Five-Year Average of Total Funding, 
Federal Funding and Industrial Funding for the Years 1975-79 



Thousands of $ 




5-year Average 


5-year Average 


5-year Average 


University 


Industry-Funding 


Total Funding 


Federal Funding 


1. University of Rochester 


5,456 


50.586 


33.256 


2. MIT 


5.268 


108.442 


90.884 


3. University of Michigan 


4.642 


85.515 


54,527 


4. Carnegie-Mellon 


4.508 


20.233 


13.030 


5 Penn Statp 


3.304 


48.752 


29.899 


6. University of Southern California 


3,143 


40.708 


37.691 


7 r^pnrnia Tprh 


3.037 


29.843 


16.596 


\J M \ \kX\ veil U 


2.705 E 


75.191 


57.350 


9. University of Arizona 


2.584 


40.180 


21.030 


10. Purdue — all campuses 


2.441 


44.339 


26,822 


11 Univpr^itv nf Minnp^nta 


2.287 


85.644 


49,936 


1? t JnivPr^itv nf lllinni^ tJrhana 


2.1 19 


63.470 


39,722 


n t JnivPr^itv nf Nnrth f^arnlina 








Raleigh 


2.075 


30.982 


10,766 


14. University of Washington 


1.792 


79.994 


66,790 


15. University of Wisconsin. Madison 


1.787 


105.483 


60,087 


16. Colorado State 


1.388 


30.759 


22,172 


17. Case Western Reserve 


1.123 


27.869 


20,300 


18. University of Utah 


1.033 


29.887 


25,072 


19. University of North Carolina. 








Chapel Hill 


1.012 


30.933 


25,05^ 


20, University of Maryland. 








College Park 


1.008 


27.343 


17,035 


21. Stanford 


867 


81.300 


73,592 


22. University of Delaware 


813 


10.179 


5,83 . 


23. University of Texas. Austin 


808 


53.564 


33,220 


24. RPI 


773 


7.602 


5,719 


25. Washington University 


769 


41.090 


34,331 


26. Duke 


742 




27,138 


27. University of Chicago 


731 


59.583 


45,'"i72 


28. Johns Hopkins 


670 


63.293 


52.484 


29. Lehigh 




6,942 


3,692 


30. Cal.Tech 




29.368 


25.510 . 


31. Princeton 


o18 


22.971 


17,076 


32. Clemson 


469 


13.410 


, „ . 3.898 


33. Colorado School of Mines* 


441 ''1 


2.594 


1.816 


34. Yale 


35r 


46.685 


43.167 


35. Louisiana State University** 


344 


■r.89i 


10,147 


36. University of Houston 


340 1 


7.41v 1 


4.872 1 


37. UCLA 


115 E 


67.535 


• 54,500 


38. Rice 


93 E 


6.391 


5,129 


39. University of California. 








San Diego 


0 


89.9'y/ 


80,343 



Source: NSF. Expenditures for Scientific Activities ct Univtrsities and Colleges FY 1975-79, Tables B-':8. B-17, B-19, B-10. B-16. 

•4 year averages E = Estimatea 

••3 year averages I = Imouted 

•••approximate 
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tute that will serve its needs. Examples include a sugar 
institute at a southern university, a minerals resource 
institute and a hydraulics institute at a midwestern 
university. Such institutes are particularly prevalent 
in Relds related to agriculture, food and nutritional 
research, forestry and textiles, all relating to local 
or reciional industries. 

This kind of regional educational focus is less apt 
to occur at the major private universities. Regional dif- 
ferences in coupling interactions will be discussed in 
more detail m Chapter X, Section B. 

Both climate atid opportunity for industrial inter- 
action may differ between private and state-supported 
universities. Generally, private universities have more 
flexibility in their ability to negotiate contracts, patents, 
and royalties. Some states have highly restrictive rules 
about industrial interactions. If institutions which are 
now c!ic]aging in molecular biotechnology are not care- 
ful to b-'ffer [)!oprietary research from state-supported 
research, they can expect even stricter arrangements. 

On the other hand, there are several states that 
have carcfiilly created climates propitious and encourag- 
\\K\ to university/industry interactions, providing sup- 
port to both partners to make the match, or encourag- 
ing the development of industrial research parks on 
land adjacent to universities. State-supported agricul- 
tural or engineering extension services are the oldest 
state-supported u' iiversity/industry entities. 

In general, intil rerently, there was certainly a 
greater awaren ss of the need for industrial support at 
private institut ons for obvious reasons. Company repre- 
sentatives themselves said that in the past they were 
more like' , to support research at a private institution, 
that they ielt they already supported state institutions 
throuu! tlieir taxes; they also felt more comforthible 



with the private university's freedom to deal with the 
issues of patents, royalties, publications, and proprietary 
rights. 

Faculty in public institutions seem to be more 
vocal about proprietary rights issues and secrecy 
agreements. It was mentioned several times at the 
state universities that faculty were very hesitant to 
engage in large amounts of industrially supported re- 
search because of these concerns. This was rarely men- 
tioned at the private Universities. 

The private universities are most actively pursuing 
changing their patent policies and exploring ways of 
generating money through patent licensing and royal- 
ties. Of the 12 patent policy revisions in the last yearr, 
8 were at private universities (Table 28, p. 100). At least 
3 private schools were in the process of organizing 
new patent offices. This was happening at only one 
public school. Private universities are more willing tc- 
negotiate patent rights and licensing agreements Ui^-i 
public universities. 

Private universities tend to respond more quickly 
and directly to industrial needs, but they expect indus- 
try to pay more. While the public university finds il chi- 
ficult to respond as quickly, in general it can do the 
research more cheaply. 

Some ol Uie most successful research universities 
in the country are those which have both large private 
endowments and state funding, with the fiexibility that 
such a sysir.m allows. Many state institutions have 
relied on federal dollars to fund research. As (eclerif 
dollars dry up, such institutions will find thi.r:s';hA:s 
increasingly turning to industry for support, ann ares- 
sure will be on state governments to create: n more 
permissive atmosphere. 
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CHAPTER IX 



A TYPOLOGY OF RESEARCH INTERACTIOMS 

In this chapter, we present examples of the entire 
array of current university/Industry interactions. For 
convenience, we have divided the Interactions into four 
major categories by primary objectives: 

• General Research Support 

• Cooperative Research 

• Knowledge Transfer 

• Technology Transfer 

For descriptions of these major categories, see 
Chapter V. In this chapter, we describe types of inter- 
actions witliin these major categories. Table 21 pre- 
sents the variety of Interaction we observed in matrix 
form, according to major function of support and by 
administrative mechanism. Table 2 (p. 16) lists repre- 
sentative examples of the major typt - of interactions 
we observed, in Appendix III, we list the research inter- 
actions documented in our field study. This chapter 
follows the categories of Interactions listed in Table 21. 

GEriEHAL RESEARCH SUPPORT 

General research support usually consists 
of industrial gifts of money and/or equipment 
in support of university research. The major 
objective is to provide support to maintain uni- 
versity research excellence, rather than to 
strengthen research ties (see Chapter V, p. 15). 

A. Institutional Gifts in Support of Research 

These are unrestricted gifts to a technical depart- 
ment, to a technical unit or university or college (e.g., 
engineering school, agricultural school, environmental 
science Institute). 

1. Monetary Gifts 

Monetary gifts from industry are valued highly by 
university scientists because they provide the flexible 
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\ seed money for new projects and start-up funds for 
young scientists. They also provide funds for travel to 
conferences, for temporary support of graduate stu- 
dents and for bridging research contracts. Several pro- 
fessors said that "grants-in-aid" (e.g., gifts) to the 
department are critical In their Impact on graduate 
programs. Scientists frequently stated that these funds 
are worth five times their face value. There are few, if 
any, other sources of such flexible funds. 

Despite these statements, there is a grovi^ng feel- 
ing that unrestricted gifts or grants-in-aid do not pro- 
mote interactions between the two sectors and, there- 
fore, are not an optimum mode of industrial support 
of university research. Industry's emphasis on this type 
of support in the past may have been due to proprie- 
tary concerns. Changes In patent laws and clarification 
of anti-trust laws have changed the climate. There is 
recognition^that other more interactive modes of sup- 
port may accomplish similar purposes. There is a 
growing belief in industry that by integrating such 
funds into* a more formal research structure, industry 
can provide a more reliable source of funds for univer- 
sity research; Creating a stable lirik.betvveen industry 
and university can allow industry interests related to 
research andi curricula to be more fully considered. 

Figures prepared by the Digest of Education Sta- 
tistics (1979) show that, over the past 60 years, private 
gifls and grants have provided a consistent but small 
proportion of the current fund income of U.S. colleges 
and universities, between 3.8% and 6.8%. However, 
several scientists interviewed commented_that_un:^ 
restricted funds from industry were rare and/or diffi- 
cult to obtain. Most of these gifts, they said, are small 
amounts, in the $5,000-10,000 range. The largest 
unrestricted gift documented in our study was for 
$500,000 to a computer science department at a pub- 
lic university. This is an unusual amount for unrestricted 
gifts, especially to a public university. In another case, i 
a gift of $2 million was given to a department of engi- 
neering. Although a gift, it was designed for a research 
facility. 
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Table 21 

A Typology of Research Interactions 



General Research Support Cooperative Research Support Knowledge Transfer 



Formal Technology Transfer 



A. Institutional Gifts in Support 
of Research 

1. Monetary Gifts. 

2. Equipment Donation 

3. Contributions for 
Research Facilities 



B. Endowment/Annuity/Trust 
Funds 

1. Research Facilities 

2. Endowment Chair 



A. Institutional Agreements 

1. Contract Research 

2. Equip. Transfer & Loans 

3. Grants to a Professor 

4. Graduate Fellowships 
Support 

5. Gov't. Funded U/l 
Cooperative Research 



B. Group Arrangements 

1. Special Purpose Industry 
Affiliate Programs 
(Focused & Discipline 

■ Programs) 

2. Research Consortia 

C. Institutional Facilities 

1. Coop. Research Centers 

2. Univ.-Based Institutes 
Serving Industrial Needs 

3. Jointly Owned or Oper- 
ated Facilities & 
Equipment 



D. Informal Cooperative Inter- 
action: Co-Authored 
Papers, Equipment Sharing 



A. Personal Interactions 

1. Personnel Exchanges 

2. Mechanisms for Per- 
sonal Interactions: 
Advisory Boards Semi- 
nars, Speakers Pro- 
grams, Publication 
Exchange 

3: Adjunct Professorships 
4. Consulting 

B. Institutional programs 

1. Institutional Consulting 

2. General Industry Asso- 
ciates Programs 



C. U/l Cooperation & Educ. 

1. Univ. Serves as Source 
of Graduates for Indus- 
try: Internships. U/l 
Coop. Training Programs 

2. U/l Coop, in graduate 
curriculum development; 
Alumni Initiation of Re- 
search Interactions 

3. Continuing Education is 
Utilized to Initiate 
Research Collaboration: 
Short Courses, Personal 
Contacts 

V Industry-Funded 
Fellowships 

D. Collective Industrial 
Interactions 

1. Trade Associations 

2. Ind. Educ. Affil. 

3. Ind. Sponsored R&D Org. 

4. Ind. Res. Consortia 



A. Product Development and 
Modification Programs 

1. Extension Services 

2. Innovation Centers 



B. Univ. and/or Industry Asso- 
ciated Institutions & Activi- 
ties Serving an Interface 
and/or Foundation for U/l 
Research Interactions 

1. U/l Research Coop. & 
Technology Brokering & 
Licensing Activities 

2. University Connected 
Research Institutes 

3. Industrial Parks 

4. Spin-Off Companies & 
U/l Research 



2. tlquipment Donation 

Host corporations we visited had equipment dona- 
tion programs and most of tlie universities we visited 
recclvfk equipment gifts from industry. 

Very frequently, equipment gifts are not included 
when administrators account for Industrial contribu- 
tion touiniversity research. Tor example, the computer 
-scienc^ department at a southern university received 
a $1 15,000 computing system from a local computer 
manufacturer. This gift was not treated as research 
money! although that was its purpose. It is difficult to 
dctcnrilne to what extent this type of giving is a souice 
of support for university research. 

Ackdemic scientists stated that Industrial equip- 
ment gifts, except under specicil circumstances were 
not extensive. Several cases were cited where com- 
panlesi donated equipment but not the money to 
maintain it. Many academics stated that company- 



donated equipment was useful for teaching but not for 
research. Company representatives themselves al- 
luded to the Inadequacy of their equipment donation 
programs. This is not always the case. 

Extensive industrial gifts for university research 
were frequent within one industrial sector, the infor- 
mation processing industry. Over 50% of the univer- 
sities visited indicated that they had received signifi- 
cant gifts of computers or computer related equipment 
and systems. 

Widespread donation of other types of research 
equipment is not evident, and seems to be idiosyn- 
cratic. Several scientists emphasized the importance 
of the problem. One investigator needed a $500,000 
electron microscope for his research in materials sci- 
ence, but did not think that industry was a likely 
source for it. He believed that the Piatiorjal Sciencfe 
Foundation was his only recourse for support for such 
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equipment and expressed concern that foundation 
equipment funds are becoming increasingly difficult 
to obtain. University scientists in general were under- 
standing of companies not being able to supply equip- 
ment in the $500,000 range, but many said that indus- 
try should be able to supply equipment ranging in cost 
from $20,000-100,000, but for the most part did not. 

The circumstances surrounding equipment gifts 
are often complex. 

In one case, an information processing firm, 
after hiring a number of top university graduates, 
decided to repay these universities in frontier re- 
search equipment. The firm gave each of three pri- 
vate research universities a system of personalized 
computers. Tliere were other motivations involved. 
The donated equipment was a tax write-off, as is all 
donated equipment. Perhaps more important to the 
company was that the next generation of computer 
scientists would be familiar with the firm's new 
equipment and help modify it for future markets. 
(See this Chapter, pp. 72-73). A difficulty with this 
donation was that those universities not receiving 
equipment accused the company of having an elitist 
attitude. 

Companies frequently give equipment to local 
universities to upgrade research and training in an 
area of direct interest to the company. Several in- 
stances were reported where a major company (espe- 
cially in electronics, information sciences, or petro- 
chemicals) moved to a new geographical area and 
donated several hundred thousand dollars in equip- 
ment to a local university to build up the university's 
technical capability in fields of interest to the firm. 
This was also seen as a way to foster good commu- 
nity relations. 

A semiconductor firm that moved to the north- 
west gave the University of Washington several hun- 
dred thousand dollars worth of high technology 
equipment. When a computer firm moved to South 
Carolina, they gave Clemson University over a mil- 
lion dollars worth of computer equipment on a dis- 
counted basis. Likewise, when several high technol- 
ogy companies moved to Colorado and Arizona, 
they contributed equipment to local universities, 
and when a food processing company moved to a 
southern state, they gave the agricultural school 
gifts of equipment to help them set up a program in 
food processing. 

A few universities have laboratory equipment 
funds to which industry contributes. - 

In the engineering school at one public univer- 
sity, a special committee was forrhed to foster proj- 
ects which would be of mutual benefit to the univer- 
sity and industry. This committee, the Technology 
Improvement Plan Committee includes four indus- 
trial representatives. The Committee solicits funds 
from industry to support projects in computers and 
machine control. In particular, they solicit equip- 
ment gifts. The Committee's efforts have provided 
the school with a digital computer laboratory and 
several additional computers and machine control 
systems. One investigator commented that although 



the Committee has been quite successful, it required 
a crisis situation before industry responded. 

Another mode for supplying equipment is the loan 
agreement. In this, a company loans equipment to the 
university but retains title in order to depreciate the 
value of the equipment. At the termination of the 
agreement, the equipment reverts to the university. 
Under certain conditions, the loan mode is a problem 
to the university. The company might take back the 
equipment, without which the researcher might not be 
able to complete his research. 

One example of a sophisticated loan agree- 
ment occurred between the University of Washing- 
ton and an aerospace firm. The university had a 
wind tunnel that was built in the late 1930's. By 
1978, it had fallen behind the state of the art. The 
aerospace firm was aware that the wind tunrioi could 
not meet its needs in the future. Company use was 
• about 80% of the total use of this facility. A new 
arrangement was structured. The aerospace firm 
bought $1.5 million worth of software, and then 
donated $2.5 million to the university under a loan 
agreement to up-date the wind tunnel facility. The 
agreement helped the company provide a state-of- 
the-art facility for the faculty at the university, which 
then formed a stronger base for student training 
and experience. The interaction made it possible to 
have courses in which. the students could use the 
equipment and the company's software programs, 
and it was in the company's interest to have the 
university provide course work compatible with the 
company's system. 

Equipment gifts can form the nucleus, or be criti- 
cal to the formulation of university/industry coopera- 
tive research programs (see p. 73). 

3. Industrial Contributions for Research Facilities 

Companies occasionally give funds to build research 
facilities or buildings. Sometimes this is an outcome 
of a university's general fund-raising effort. Usually, 
companies contribute only part of the money neces- 
sary to build the facility, and this is typical at both 
public and private universities. 

During the University of Michigan's sesquicen- 
tennial campaign, it was given money ($5 million 
each from two car manufacturing companies) to 
build a Highway Safety Research Institute. 

In another case, the idea of building a com- 
bined engineering and business school attracted 

industrlal support at'touisiana State- Universityr^^ 

Companies contributed more than $2 million toward 
building such a facility. 

In the past, several large corporations, rather than 
directly interact or cooperate on research Vk^th a local 
university, gave substantial foundation funds to build 
research facilities. Such gifts came about because of 
the linkage between local companies and a university's 
board of trustees. 

For example, a medical supply company, sev- 
eral years ago, gave $3-5 million for a research build- 
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ing at a private niidvvestern university, and then gave 
$ 1 ttilllion to Its Institute of Radiology. More recently, 
the Svune uiilvorsity and company Initiated a $3.8 
million, three hulustry-(unclcd cooperative re- 
search program. 

Despite the occasional contribution for research 
facilities, most said that such funds were not common, 
and that since the '50s and '60s, most new buildings 
were built with government funds. In the last ten years, 
government funds have also become less available to 
build research facilities. Figures from the Digest of 
Educational Statistics. (1979, p. 131), Indicate the 
changes in Industrial contribution to capital funds. 
These figures show that between 1920 and 1940, pri- 
viite sources form one-to-two-thlrds of the capital 
funds for colleges and universities. During the 1940's 
and 1950's— a period of rapid expansion— the private 
source portion of capital fund receipts dropped to 
t:)ctwccn l/6th and l/7th of the total. 

Currently, capital is tight for many American cor- 
porations, or so we are told by many company repre- 
sentatives. Gill contributions fluctuate with the fluidity 
of capital, it Is entirely possible for a company foun- 
dation to pledge fiinds for building a university research 
facility and then not be able to meet its pledge if the 
company business does not fare well the next year. 

One administrator cited another difficulty with the 
use of corporate funds to build facilities. 

He cited a case where a company built a facility 
at a university and then wanted to use the facility in 
cooperation with the university for the company's 
own research purposes. This created a difTlcult sit- 
uation, yet to be resolved, for the university, and 
a conflict of interest for many university researchers. 

(5. Endowment Funds and Annuity and Trust Funds 

This section is concerned with funds given to a 
department or technical unit of a college or university 
wtilch can be used In on-going general research support 

1. Construction of Research racilities 

['jidowment funds donated by Industry are only 
peripherally related to the subject of unlversity/indus- 
Uy research intcractioii. However, we did identify a few 
instances where an industrial endowment provided 
funds to build a research facility whlch^h en late r attrac^ 
-tcd-activc inclustrianiarticipatiori. 

For example, money originally given by the 
family owners of a large chemical company to an 
eastern state university was used to buy equipment 
and stait a catalyst program at this university. 

In another case, one-third of the endowment 
funds of a private university' were used to build their 
research facilities in computer integrated graphics. 
Both these programs are now highly successful and 
industrially sponsored. 



2. Industrially Endowed Chairs in a Technical 
Unit of a Uniuersity 

Industrially endowed chairs cari be another source 
of support for university research. The scientist who 
holds the industrially sponsored chair or professor- 
ship is apt to be sensitive to the needs of that com- 
pany. Frequently, he will set up meetings for company 
representatives and encourage discussion of their 
problems and Interests. 

Many universities are actively seeking to increase 
the number of industrially-endowed chaiis within their 
science and engineering departments. Thrre appears 
to be a prevalence of research chairs in the area of 
medicine and pharmacology. Several newly endowed 
chairs have been set up in chemical engineering 
departments. Despite new Initiatives, mbst universities 
have few industriallv endowed research chairs (usually 
less than six). However, a few universities have been 
particularly successful in attracting this sort of money. 
Harvard has about 259 endowed chairs, (1979/80 
academic year), 48% of which are for faculty in a tech- 
nical area; and MIT has approximately 126 chairs, 55% 
of which are in science or engineering, riot all of the 
chairs are fully endowed. At MIT, 99 are fully endowed, 
20 are career development chairs, which go to support 
more junior faculty and 7 are term chairs, which must 
be renewed periodically, it was reported to us that at 
1 V^most universities, a fully endowed chair costs any- 
where from $750,000 to $1 miliion, while an endowed 
professorship, or partially endowed chair, requires 
about $100,000 to $300,000. Thus, endowed chairs 
can be a significant source of research support. 



COOPERATIVE RESEARCH 

Cooperative research interactions require 
some degree of cooperative technical planning, 
at least in the initial negotiation phase. The 
major objective of such support is to strengthen 
company and university research ties. All the 
mechanisms presented in this section are not 
necessarily always instruments for university/ 
industry cooperative research interactions. 
There is tru: y a broad spectrum in degree of 
cooperative research (see Chapter V, p. 17). We 
"preselTtnierl: U 75"se cat^^ 
port and intr!7i< l ion that can, for the most part, 
provide for ' - Jement of cooperative research 
interaction. 

A. institutional Agree;nents 

Institutional agreements are instrum.ents for for- 
malizing university/industry research cooperation. 
They are usually developed only after a scientist-to- 
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scientist rapport has been developed. It is in the dis- 

••( ikssi<)n.s ptn-sutnU4<) the-dcvclopment of these agree- 

nicnls that sonu- cooperative technical planning catf 
take |)lace. To a large extent, however, matters of a 
non-technical nature must also be considered. Most 
frequently, these discussions concern allocation of 
resources and disposition of the outcomes of joint 
research efforts. Tliese agreements must take into 
account university procedures and policies developed 
in the university's office of grants and contracts (see 
Chapter VI, p. 29), and industry's objectives and pro- 
prietary concerns. I'fiese agreements form the basis 
and loundation for subsequent university/industry 
research cooperation. 

1. Industry runded Contract Research: Specific 
to a Research Program or Project 

Contracted agreements to an individual investi- 
gator generate strong person-to-person interactions 
that favor technical cooperation. They are the basis for 
most university/industry technical cooperation. Over 
50% of industrially supported research at universities 
is by way of contracted research. Such industrial sup- 
port in the past has generally been for small amounts 
($20,000-50,000) on a project-by-project and year-by- 
year basis. It is the specific limited nature of such con- 
tracts that makes them easier to negotiate but more 
susceptible to cuts. In difficult economic times, these 
projects rnay be the first to be cut off, and they are 
particularly dependent on the continued presence of 
one individual within the supporting industrial firm. 

Vor example, in several cases, an ongoing under- 
standing was developed between an industrial proj- 
ect rTiaiiagcr and the university's scientists. Then 
tfie industrial manager was promoted or put on a 
different industrial project and the contracted uni- 
versity project was discontinued. 

Contracts with specific economic aims are subject 
to discontinuation if it becomes apparent that the 
potential econorTiic value is !iot sufficient to justify the 
project (see Chapter "^1:. p. 42) but projects need not 
have such limited aims. 

It is in contract re:search programs that issues 
reflecting the different objectives of the two parties 
must be addressed (see Chapter VI and Chapter VII), 
such as those related to real academic and corporate 
differences in research objectives, in the time frame 
for obtaining and reporting results, Im information dis- 
semination and appropriate means to ensure proprietary 
advantage. Thus, in developing contract agreements, 
publication, patents and proprietary rights issues can 
be thorny problems, and negotiations over rights fre- 
quently delay the signing of the agreements, or some- 
times redirect the scientist's wishes. In our discussions 
with academic and industr>' scientists and adminis- 



trators, we sensed a real willingness to negotiate such 
matters. However, a few academic scientists reported 
cSS~where th"eTn made it dif- 

ficult for them to finalize their research agreements 
with industry, and in a very few instances, nec;olMtions 
led to the total abortion of the project. Som^.: of the 
present difficulties in negotiating contracts may reflect 
the transitional state of many university policies per- 
taining to industrial support of research. Many univer- 
sities are presently reviewing and changing many of 
these policies (e.g. whether or not they will grant a 
firm an exclusive license and for what period of time)> 

Contracts between university and industry are 
negotiated for the conduct of a broad spectrum of 
research activities from basic to applied to develop- 
ment work. However, in the area of applied contract 
research and development universities face strong com- 
petition from industry, government laboratories and 
non-profit research institutes, and have few compara- 
tive advantages in relation to these other performers. 

A new development is the negotiation of long-term 
partnership contracts containing high level company 
commitments to support university basic research in 
return for some proprietary advantage (e.g., an exclu- 
sive license, lead time in a new research area). The 
large, prestigious research universities in particular 
are seeking and receiving this type of support. The pro- 
totype for this kind of contract is the Harvard-Monsanto 
agreement signed in 1975. Such large, open-ended 
research contracts with university scientists, however, 
are still rare. About eight such contracts were reviewed 
in this study. Six were in the biomedical area, and two 
focused on energy production and use. A review of the 
literature indicates that there are probably fewer than 
ten such contracts presently in existence between uni- 
versity and industry research divisions. Examples 
include: Moi ';jnto-Harvard; Dupont-Harvard; Hoechst- 
Massachusetts General Hospital; Celanese-Yale; Mal- 
linckrodt-Washington University; Exxon-MIT; Allied 
Corporation-University of California, Davis. 

An integral part of these contracts is the frequent 
contacts made between the university and indTOtry sci- 
entists and provisions for exchanges of scientific per- 
sonnel. The principal investigators of these programs 
almost always have a separate consulting agreement 
with the sponsoring company. In all cases we reviewed, 
the scientist has had previous research interactions 
with representatives of the sponsoring company. Sev- 
eral company representatives said they would not even 
consider such arrangements unless they knew the uni- 
versity scientist extremely well. Another prerequisite 
to such arrangements seems to be the desire of a 
company to extend their research capabilities into new 
fields. 
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One stated difficulty with sucli partnersliip agree- 
tnents is that the expectations of both parties are 
raised unrealistically beyond the normal research out- 
comes. This can cause friction within the institution, 
and may in fact affect the conduct of the research. . 
is the publicity surrounding such agreements, because 
of their newness and the substantial amounts of money 
involved, that may be more of the cause of the friction 
and rising expectations than the open-endedness of 
the contracts. 

Cooperative research agreements are thought by 
many indiistry scientists to be the most capable of 
contributing to the industrial innovation process be- 
cause these programs provide a superior match to the 
long-range time franie in which innovations take place. 
Such programs require a consistent level and contin- 
uity of funding. This requires considerable commit- 
ment on the part of university and industry. The new 
long-term partnership contracts suggest that at least 
in certain fields both partners are capable of making 
such commitments. Senior university scientists said 
that the program continuity and consistent funding 
levels provided by these contracts enabled them to 
assemble unique multi-disciplinary research teams 
and to hire technical personnel not directly related to 
their immediate research goals. Some said it provided 
them with an opportunity to circumvent departmental 
structure. AU emphasized the importance of continuity 
and commitment to allowing pursuit of research diffi- 
cult to "sell" to government agencies, or for which 
there otherwise would have been insufficient time. 

One assistant professor listed the following 
reasons for joining such a partnership program: 

(1) lie lIKed the director 

(2) Me knew of the long-term industrial con- 
nection. 

lie said that the security of the long-term com- 
mitment was his "bottom line" for coming to the 
university, lie felt that the long-term commitment 
allowed him to be more productive in research since 
he did not have to spend his first year at the univer- 
sity writing grants. Me also stressed that his partici- 
pation in the program provided him with access to 
otherwise unavailable resources. 

2. Industry Fiin'^ed Equipment Transfers and Loans 
and/or Construction of Research Facilities 

Transfers and loans of equipment are made to 
universities as part of the ongoing process of develop- 
ment and modification of a firm s equipment. Scien- 
tists from industry and university cooperate in the 
development of this equipment and agreements are 
mad<*: .. bout the outcomes. 

v^ .uently, but not always, this research is of an 
extremely applied nature. 

A grer;t number of these types of interactions 
occur within r;:edical schools. 



As one example, the Radiology Departinent of a 
private school had an agreement with a computer • 
hardware company. A professor at the university, 
using the company's hardware, developed a man- 
agement control process for radiological imaging 
reports. The university is now developing the soft- 
ware fdr this investigator's process, and the com- 
pany is building the equipment to Implement it. 
When the equipment is fully developed for market, 
the university expects to receive money in return, 
$500 per terminal for every one sold in the United 
States. 

The Radiology Department in the above example 
has extensive interactions with companies. They bar- 
gain for equipment. For example, they identify a need 
or research interest, set down technical specifications 
and negotiate with a company for an equipment grant. 
In return, they help the com.pany develop their equip- 
ment. 

In one case, a drug company gave tnis same 
radiology department a scanner. The negotiations 
for this interaction took one year. University scien- 
tists talked with scientists at several companies 
interested in developing scanners. The university 
researchers v^/anted to find out which companies 
were on the cutting edge in development The uni- 
versity investigators narrowed it down to four com- 
panies and said to each: We v^^ll work v^^th you in 
developing your equipment if you v^^l! donate the 
equipment to us. One company came forward. The 
formal agreement took two months for company 
and university lawyers to negotiate. 

A close relationship continued betWeen the 
partners for several years, as they developed the . 
scanners. The company benefitted from the depart- 
ment's use and developmerA of their equipment. ^ 
The hospital associatea with university was able 
to purchase equipment ^X a louver cost than other- 
wise because of this inltracllcn. But no dollars 
changed hands in support of the program. 

Despite these fruitftjl interactions, the Director of 
the radiology program said he has not been very sue- 
cessftjl in generating money from the companies to 
fund activities, aside from equipment development. 

In some instances, such as those cited below, 
equipment is given for general research, but the nature 
of the equipment leads to particular areas of coop- 
erative research and almost necessitates interaction. 

The School of Agriculture at a southern public 
university has received several machines on loan, I n 
one case, researchers at this school were interested 
in computer-baseu automatic control systems for 
combines. The American Presidents Association 
gave them money to conduct the study, and two 
equipment manufacturers loaned them the $50,000 
combine. In another instance, a company in-Mebraska 
loaned the department irrigation equipment for three 
years. The company then sold the used equipment 
to farmers and replaced the system at the university. 
In another case, the department worked v^^th a com- 
pany to develop a tot>acco harvester. At another 
state school, a researcher was given a wet processor 
vat to allow him to develop chromotographic wet 
processing procedures for textiles. 
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In most cases, when the agricultural school or the 
tc.xtik! scliooL docs the modification, design and devel- 
opnu^nt of <i of cc|uipmcnt, it has the option of 

piitcnt owncrsliip. hut il industry hears ihc full cost for 
the project, scliools generally concede full proprietary 
rights. At icast one southern school has conceded 
such rights though it is a state university. Most schools^ 
cHc very c^ircful ai)out such proprietary arrangements/ 
Some difficulties may arise if a company wishes uni- 
versity scientists to help (Icvetop research equipment 
for which a company patent is pending (see Chapter 
VI 11, pp. 57-58). 

tiquipment transfers and support towards build- 
ing research facilities can be an integral part of a com- 
pany's efforts towards helping to develop a new coop- 
erative research program. 

Three CAD/CAM cooperative research programs 
at cin ciistern, u midvvc::tern and a western state uni- 
versity were recently developed largely through 
equipment donations. A petroleum laboratory is 
bchu\ built at a private midwcstern school through 
equipment donations from a petrochemical com- 
parw. An objective of the program developers is co- 
operative research. 

Several rases (8) were documented where indus- 
try,, as part of a cooperative research effort helped a 
university build facilities in specific research areas, 
e.g., energy and biotechnology, in order to provide a 
foundation for the program. 

For example, a pharmaceutical firm is providing 
a private eastern university with several million dol- 
lars to build an institute of preclinical ptftrmacol- 
oc;y. An employee of the company will be the Insti- 
tute's director. The Moechst Chemical Company of 
VVeslcrn Germany, as part of its agreement with Mas- 
sachusetts General Hospital provided funds to build 
a molecular biology laboratory. 

3. Indusinj Funded Research: Qrant:: 
to a Professor 

Grants are most frequently used to support ex- 
ploratory research, or research which advances the 
frontier of a particular technical discipline. This often 
results from an unsolicited proposal by a professor 
based on an original concept. The opportunity for co- 
operative interaction arises if the mechanism of select- 
ing the proposed research for funding provides for the 
establishment of scientific contacts which lead to 
future scientific interaction. Tor example, these con- 
tacts may lead to discussions and actions between 
university and industry scientists concerning how the 
basic science is related to problems of technology 
relevant.to company interests. The company's technol- 
ogy' problems subsequently may suggest new avenues 
of basic research. 

in the past, industry has not to any large extent 
funded unsolicited proposals submitted by individuals 
with wliom they had no previous technical interaction. 



Thirty-two of the companies visited said they almost 
never funded such unsolicited research proposals, al- 
though they frequently received up to 100 per week. 
This is not to suggest that industry does not support 
university basic. researdi programs. As noted previously, 
industry, through unrestricted gifts (see Chapter IX 
p. 67;, supports research of a general nature with few 
strings attached Such funds are continually used by 
university scientists as seed money to explore new 
research areas. When coupled with personal scientist 
to scientist friendship's cooperative basic research 
activities can develop. We also heard of at least three 
crises where a significant grant (e.g., $1 million over 
three years) was awarded to university scientists and 
the description of proposed research was no more 
than a paragraph. 

Despite the above, some university scientists per- 
ceive that government groints are less encumbered 
than industrial funding. According to some scientists 
(particularly biologists and basic medical scientists 
whose funding largely comes from government grant- 
ing agencies, e.g. i^SF and niH), government grants 
are given to pursue'research in a general area, rather 
than on a specific topic as in industrially supported 
research. A problem from the industrial point of view 
is that without some mechanism for reviewing basic 
research proposals internally, it loses an opportunity 
to select basic research projects in areas underpin- 
ning their own interests. Indeed, in the past industry 
has, for the most part, foregone this opportunity for 
cooperative research interaction with university basic 
research programs by supporting university basic 
research programs through unrestricted gifts. A diffi- 
culty for industry support of university basic research 
is how to maintain or establish a cooperative interac- 
tion in broadly based basic scientific research without 
confining the research while ensuring maintenance of 
high quality research of interest to the firm. 

The quality of government grant supported re-^ 
search is thought to be controlled by peer review. This 
was a frequent subject of discussion regarding indus- 
trially funded research which, as noted ?;bove, usually 
makes no provision for peer review. Many researchers 
in university and industry expressed some dissatisfac- 
tion with the present system of peer review, it is the 
perception of several of these individuals that the peer 
review system becomes conservative as funds for re- 
search become more restricted. When there are lim- 
ited funds for research, there may be a hesitancy to 
fund exploratory research of an unusual or non-tradi- 
tional nature. Furthermore, the established scientists 
V do the reviewing tend to reinforce their own expe- 
riences and this can be a deterrent to fundamentally 
new or innovative areas of research. One scientist ex- 
pressed the View that in earlier years, rn exploratory 
grant of $100,000 to a university would, in ten years, 
lead to something useful, but thought such funds were 
no lotiger available. 'Tunds for seeding speculative 
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ventures in tlic univci sity have dried up and have not 
tieen replaced, " he said. Whether factual or not, this 
[)er( e[)ti()n was exprt^ssed on several occasions during 
this study. In the course of exploring new ways of sup- 
[X)rtin9 univeVsit>'/industry cooperative research efforts in 
l>asic science, several firriis have designed piograms 
li) help redress these perceived deficiencies. 

During 1980, two companies, the Dow Chemical 
Company and the Procter Gamble Company, an- 
nounced trial grant programs. The objective of both 
f>r()grams is to support exploratory basic research 
related to areas of interest to industry. Each company 
instituted an in^<^r!;al mechanism for proposal review. 
In recognitic^ ■ j awing dissatisfaction of some 

scientists v ' utt 'nt peer review, each company 

tried to devi. • ♦ ms lo address some of the criti- 
cisms of pre ie. .-'government systems of peer review, 
hoth (\)mpanies desired to increase their cooperative 
i(\search interactions with universities. 

Tiic Procter & Gamble program began in the fall 
ot 1980, riic company Vice President for Research 
Wiiiited to strcngtficn the company's research ties 
with the pcadcmic science community and liave 
thcni t^ccomc familiar witli the teclinlcal base of the 
company. Company representatives from the cor- 
[)oratc researcii and development laboratory visited 
ten universities gave presentations, and said: "Tliis 
is the type of rcscarcli we are interested in. Do you 
wish to submit a research proposal to us?" Faculty 
thought this approacli unusual, because few com- 
ptinics let them know ttieir research interests, and ' 
most had never participated in a company research 
p'-cscntation. 

riic company sought proposals that would 
broaden the iiorizon of research, i.e., exploratory 
research proposals. They wanted to fund programs 
with great uncertainty for success, but high potential 
rewards if successful. They were looking for pro- 
posals difficult to defend based on the present sys- 
tem of peer reviews. However, this approach was 
viewed as ati alternative to peer review programs, 
not as a replacement. They hoped to select the best 
pr()[)osals through advocacy. ^ 

Tlie company received 88 proposals from 11 
universities. Tliey convened a Selection Committee 
of company senior R&D managers to review tlie pro- 
posals. After an itiitial review, advocacy developed 
tor about 14 proposals. The internal advisory board 
reduced the number of successful proposals to 
seveti. The winners appeared to be those with an 
enercietic champion. ILach of the 7 professors was 
invited to qive a seminar. The professors came, were 
exposed to tlie laboratory, facilities and staff, and 
made friends in the procej>s. The company sponsor 
believed that if company and university scientists 
interacted, the research programs would be en- 
hanced and the foundations for a cooperative inter- 
action would be-established. The company selected 
three to be funded by the new grants proc^. jm. The 
awards were for $40,000 each. ?n addition, another 
two of the seven were funded by a separate divisi_qn 
that had a particular and immediate interest iiT""^ 
these programs. 
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All the investigi^*ors in this program can pub- 
lish. However, the uni\ersity scientists must allow 
the compatiy one or two months to review their pub- 
lications for potential patents. But the company 
does not really expect that a patent or a product will 
develop out of this program. On the other hand, 
the company does expect to extend the scientific 
interests and management of science within the 
company to new^areas and/or opportunities. It is 
also the company's objective to strengthen tlieir 
recruiting program as well as tlieir cooperative 
researcli interactions with university scientists. 

The Dow Clu'.miCcU Compcitnj sponsored its 
grant program as a result of the discussions held at 
the first Council for Chemical Research Conference 
in 1979 (See pp. 81-82). After this meeting, the 
company set up a foundation with $5 million. The 
intent was to use these funds or the interest gen- 
erated each year iii support of basic research. 

The mechanism the company developed for 
reviewing proposals was based on that of the Petrol- 
eum Research Tund and other foundations, such as 
Research Corporation, the Welch Tund, and nSV. 
Despite the fact that they were following these other 
procedures, they made an effort to alter them in 
order to speed up the overall process of proposal 
submission and granting. They had the pnncipal 
investigator send^a preliminary proposal outline. 
Company scientists evaluated it in terms of its basic 
scientifc quality and as to its worth as a potential 
project. After this screening, they submitted it to 
subsequent peer review and promised to answer 
within three months. Scientists at the company were 
told not to view the proposals in terms of an oppor- 
tunity for tlie company and to treat the proposals 
\vith all confidentiality. Lawyers were not involved. 

Before the program vyas a year old, the com- 
pany was inundated with proposals and could not 
.. accept any more. To some extent, the company 
decided that this was an inefficient way for a com- 
pany to fund universities, but was still firmly com- 
mitted to developing cooperative basic research 
interactions with universities, and did not want to 
do away with their commitment to basic science — 
because they were dissatisfied with the grant pro- 
gram, now, they are looking at ether ways to support 
basic research at- colleges and universities. 

Although both these programs have been well 
received within the academic and industrial communi- 
ties, it is recognized that they are only small programs, 
and most companies do not have the r< sources at their 
disposal for such programs. Even if several other com- 
panies develop programs to fund basic science aimed 
at developing cooperative interaction, industry could 
not, with this level of support, replace or fulfill the his- 
torical role of government agencies in maintaining the 
current U.S. base in basic sciences. Furthermore, 
mechanisms for proposal review are time-consuming. 
Most company representatives stated that industry 
does no' have vast sums of money for funding basic 
science at universities, yet they believed that most 
basic research activities should be conducted at uni- 
-vcrs^tfies'and wanted to tie their own R&D programs 
into university basic research programs. 
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4. Industry Funded Research: Graduate 
Fellowship Support 

Industrial support of yrcKluate research can be a 
nicclianisni lor strengthing cooperative research ties. 
In the past. General Electric and Westinghouse had 
Early Talent Search Early Awareness grants. 1 hese 
were primarily grants for graduate and post-doctoral 
research and did not emphasize cooperative research 
programs, but were often the basis for future coopera- 
tive interactions. With a large amount of money avail- 
able in federal fellowship support these funds became 
diluted. In general, though, many suggested that these 
were good models for industrial support of research. 
Many said they \vouId like to see this type of indus- 
trial support increase. 

The followi ii are examples of how graduate fel- 
lowship support can be an integral part of a unFversity/ 
industry cooperative . search interaction: 

A professor in a chen ca' engineering depart- 
ment hiul c\ consulting arrangement with a com- 
piHiy. This company also supported one of his grad- 
uate students and funded his research through a 
grant. In a. geology department, two or three grad- 
uate students were supported by oil companies. A 
portion of the money, a gift, went to the research 
assistants' salaries, and the rest of the money in the 
budget was itemized for supplies and travel. This 
type of graduate support is not formal, it is not 
exactly a grant, and it is understood that the grad- 
uate student will be working on a specific area of 
research relevant to company interests. 

Thus graduate fellowship support can be an integral 
part of a more extensive cooperative university/indus- 
try program as noted above (se^ ilso Chapter V, pp. 
1718). It is also a mech. fiism used by companies 
when they have limited funds to spend on university 
research and wish to join their support to company 
programs. Some companies find that it is a way to get 
the greatest value for their limited research and devel- 
opment lunds. 

Tor example, several companies offered to pay 
the dilFcrence of a salary of a graduate assistant and 
the pay the student would get if he.were working for 
the company. One company is giving a $4,000.Ph.D. 
fellowship supplement, and intends to give ten such 
fellowship supplements. In each of these cases, 
the student will spend time working on company 
research programs. 

In another case, a textile coin pa ny will fund a 
graduate student in chemical engineering. The stu- 
dent will work at the company research laboratory in 
the summer, and in the fall he will attend classes 
and be paid $1,000 a month by the company. The 
^. company will have some input into the thesis topic 
of the student. An alumnus of the university who is 
working for the company sponsoring the fellowship, 
Wcis instrumental in initiating this program. He was 
interested in relating his research program to that 
going on at the university. This sort of research sup- 



port at universities seems to be on the increase. But 
it is not dependable, and requires extra efforts on 
tlie part of the universi.ty principal investigator. 

There are several new general fellowship programs 
being started by companies which are not tied to a 
principal investigator. These will be discussed in a sub- 
sequent section of this report (p. 95). 

5. Government Funded University/ Indus try 

Cooperative Research: Grants and Contracts 

Government funding for cooperative university/ 
industry research is provided by many government 
agencies, including the Department of Defense (DOD), 
the Department of Commerce (DOC), the i^ational Sci- 
ence Foundation (i^SF), the Department of Energy 
(DOE), and others. The government-funded coopera- 
tive research model has existed for some time, for 
example, the government-sponsored agricultural ex- 
tension program (Rogers, 1976). During the early 
1960's, the Department o( Commerce, through its 
Civilian Industrial Technology Program, sponsored 
programs aimed at the textile industry. In recent years, 
there has been an increased effort in all government 
agencies towards finding ways of using government 
funds to facilitate university/industry cooperative re- 
search programs. 

In the traditional university/industry coupling 
mode, the government, in the role of. matchmaker, 
brings the two parties together and provides the funds 
so that one institution becomes the prime contractor 
and the other the subcontractor. This practice is wide- 
spread, and DOD and the i^ational Aeronautics and 
Space Administration (i^ASA) have used it to a consid- 
erable extent. Trti^quently, these programs are tied in 
with government procurement. 

Tor example, in the aerospace industry, where 
the governinent is frequently the main customer, a 
typical mode of university/industry research coop- 
eration involves the industry partner as the prime 
contractor and the university as a subcontractor 
(see Chapter VIII, p. 51). A case in point is a com- 
pany under contract to the federal government to 
droign a new generation of helicopters, subcontract- 
ing the research to a university to develop dynami- 
cally scaled models fnr Hight simulation. 

Sometimes the government brings universities 
and industry together to condu'^t research as part of a 
national effort in a particular area. 

For example, in the past, the Department of 
Energy has been interested in cost shared technol- 
ogy demonstration programs and accompanying 
programs to help achieve the adoption of energy 
conservation techniques. Accordingly, the key con- 
tractors in this work are usually industrial firms. 
However, in some cases, university research groups 
offer appropriate technical capabilities for perform- 
itig portions of the work either by themselves or in 
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collaboration with an industrial partner. In one ten- 
year procirarn involvincj tlie development of a solar 
lower, llie university was initially the prime contrac- 
U)i and industry tin- suhconlractor. This reversed as 
the researdi ncared the development stage. 

As anotficr example, three university groups 
have DOC contracts, to operate energy analysis and 
diagnostic centers, which provide direct assistance 
to small and medium size industrial plants. This is 
seen as part ol the national effort to encourage 
energy efficiency. 

Government interest in an area critical to the 
development of defense-related projects can bring the 
two partners together. 

Tor example, switching mechanisms are impor- 
tant to many DOD projects. A scientist from Tracor, 
an electronics firm, gave a talk at a conference 
attended by an official of the Office of Haval Research 
In his talk,the Traqpr scientist discussed the work of 
a University o( Texas professor on sequence estima- 
tion, fhe OriK ofllder was interested and suggested 
that oriK would WKc to support research in the area 
described. The Tracor scientist got together with the 
university scientisit who had. given a course at the 
coni[)any in estimation theory. They agreed to develop 
a joint program in wtiich the university scientist would 
suggest approaches and employ graduate students 
in the research, while the company scientists would 
evaluate the approaches using classified data. The 
professor had access to the company research 
through a consulting arrangement. OHR has sepa- 
rate contracts with the university and with the com- 
pany: The joint research effort permits Tracor to 
guide the university thinking and it permits the pro- 
fessor to train students. Tracor hires most of its 
employees from the University of Texas at Austin. 

[Recently, groups like PISF and DOC have been 
attempting to identify through experimentation in a 
variety of modes the conditions which promote suc- 
cessful cooperative endeavor. Much of this experimen- 
tation has involved the establishment of cooperative 
research centers. 

Otie program, the PISF Industry/University Coop- 
erative F<csearch grant program (lUCF^) was particularly 
well received by most of the investigators with whom 
we talked. 

Tiie objectives of the lUCR Program are: 

< 1) to strengthen tlie fundatnental i '^ .jarch in 
science and engineering in or\i :r to en- 
liance future industrial technological op- 
portunities, and 

(2) to improve the linkage between 'versities 
and industrial firms. 

Cooperative industi'y/ university research pro- 
posals are prepared joititly by academic and indus- 
trial researchers and submitted jointly by their 
res[)ective institutions. Thus this encourac,: s work 
which is joititly defined and conducted t. Criteria for 
project funding from this program arc: 

( 1 ) strong and active research collaboration 
between university and indusi;.al research- 



ers in the performance of the proposed 
project; 

(2) significant cost-sharing by the industrial 
participant for the industrial participation 
in the proposed research as evidence of the 
industrial relevance of the research; 

(3) quality of proposed research. 

The administration of the program requires the 
lUC research proposal to be peer reviewed in com- 
petition with other proposals (cooperative and non- 
cooperative) in the same area of^ research. These 
peer review procedures are the same ones that 
apply to any research proposals received by nSF. 

Funds provided by riSF through the program 
are not intended to substitute for funds the firm 
v;ould normally commit for research but, rather, to 
provide for new and expanded cooperative research 
programs with universities. riSF normally pays for 
the costs of university research in the cooperative 
projects. In about one-half the projects, industry 
(jays for their own participation, and in about one- 
half, nSF provides some funds to industry. It is cur- 
rent policy that nSF will pay only up to 50% of the 
industrial participant's costs (except for small busi- 
nesses, up to 90% of their costs). The rationale of 
requiring industry to pay a significant portion of 
their research costs in cooperative projects is that it 
ensures that the proposed research is industrially 
relevant to the firm's management. 

nSF is flexible in its contracting arrangements for 
this program. Of the nSF university/industry programs 
reviewed in this study, three different modes of con- 
tracting were identified. In one instance. nSF funded 
the company and the company subcontracted to the 
university. In other cases, this was reversed— PISF 
funded the university, and the university subcontracted 
to industry. In other examples. nSF contracted separa- 
tely with the company and with the university. Investi- 
gators seemed to prefer a program where both the 
industry and the university had separate contracts with 

nsr. 

The riSF industry/university cooperative research 
(lUCR) activity has grown from a program of eight 
awards totalling $1.4 million in 1978 to a program of 
79 awards totalling approximately $7-8 mlMlon in 
1980. The initial response to the program was slow. 
(Interviews confirmed the one or two-year lead time 
needed to negotiate university/industry cooperative 
agreements.) But all those interviewed In our study 
who participated in the lUCR program were enthusias- 
tic about it. One investigator stated that without his 
university/industry coupling grant, which gave him 
access to industrial resources and data, he would have 
been set back a year in his research. 

By the end of its first four years, the program had 
awarded 231 competitive research grants totalling 
nearly $30 million. Grants have been provided to 79 
universities to carry out cooperative research projects 
with industrial researchers in 88 companies, including 
many of the leading sponsors of industrial R&D in the 
United States. 



76 



85 



Tcibic 22 provides a summary of Industrial Involve- 
i7icnt In the iUCR program, based on total population 
of (iriuits iiwiudcd throucih fiscal Year 1981. Four of 
the top ten industricil KikD coni[)anies, based on the 
July 1981 Business Week survey, are included among 
the top ten iUCR-performing. companies (Table 15). 
Several large companies (e.g., IBM. Bell Labs. Hughes 
Aircraft, VVestinghouse. and du Pont) have been actively 
engaged in the IUCR program, with multiple projects 
funded and total shares of the IUCR program exceed- 
ing their cotiipany percentage shares of U.S. Industrial 
R&iD as reported in the Busmess Week statistics. The 
leading 100 R&D companies together account for 
about 58% of the total value of IUCR awards with the 
balance of the awards going to firms that spend l<^ss 
than $50 million/year on R&D. Two of the top ten 
IUCR-performing companies (Hercules Chemical and 
Martin-Marietta Corporation) are not included among 
tlic top 100 industrial R&D firms. Thirteen companies 
in the awards lists are formally identified as "small 
businesses" using the MSF award definition (having 
less tlum 500 employees). These small companies 
account for about 7% of the total value of awards 
granted in the IUCR program. 

Tal:>le 23 provides a comparable data summary 
for assessing the involvement of the major "research 
universities" in the lUCF^ program. The pattern of uni- 



versity involvement presents an interesting picture, in 
which the leading research universities (as measured 
by total value of R&D performed in FY 1979 from all 
funding sources), are well represented, but by no 
means dominate the distribution ofTUC~awards. The 
leading IUCR universities are. for the most part, uni- 
versities with national reputations—but, the ten lead- 
ing IUCR-performing universities include only Stanford 
in common with the list of top ten research universities 
in the United States. The latter group, however, is well- 
represented on the list of IUCR awards— all but two of 
the top 20 research universities have received at least 
one IUCR award, as have 37 of the top 50. Taken 
together, the top 100 research universities account for 
84% of .the value of total IUCR awards. 

Indicative of the way many of these programs 
started, one investigator described t;ie origin of his 
nsr university/industry coupling grant in the following 
manner: 

The professor was Interested in potential uses 
of gallium arsenide in chip formation. He attempted 
to develop interaction with a microprocessor com- 
pany, but found il. difficult. He discussed his work 
with conjpany representatives and scientists, but 
discovered it was hopeless to initiate an int-^raction 
until he developed i friendship wlt!i an industrial 
scientist who was interested in what he vjv doing 
and was will'ng to put time in on the project on his 



Table 2? 

Distribution of IUCR** Program Into Business Week Industry Groupings 



IUCR Program [FY 78-81 ) Average Industry 
■ r Shares of Value R&D as a % 



Firms Projects $ Awards* of IUCR Awards* of Sales 

Industry (No.) (No.) (OOO's) (1^78-81) (1977.80) 



Aerospace 


4 


13 


4.326 


14.5% 


4.0% 


Automotive (cars & trucks) 


3 


5 


722 


2.4 


3.2 


Chemicals 


9 


22 


4.397 


14.8 


2.4 


Conglomerates . , 


4 


8 


1.423 


4.8 


1.7 


Drugs 


3 


5 


665 


2.2 


4.8 


Electrical 


3 


11 


2.664 


8.9 


2.6 


Electronics 


3 


3 


39;? 


1.3 


2.8 


Fuek 


6 


14 


1.920 


6.4 


0.4 


Computers 


5 


22 


3.161 


10.6 


6.1 




3 


3 


371 


1.2 


4.2 




1 


1 


32 


0.1 1 


4.2 


Machinery (Farm Construction) . . . 


1 


1 


77 


0.3 


2.8 


Machinery (Machine Tools, etc.) 


1 


1 


48 


0.2 1 


1.6 


Metals & Mining 


2 


2 


175 


0.6 


1 0.8 


Miscellaneous Manufacturing 










1.9 


Paper 


1 


2 


253 


0.8 


' 0.9 


Personal & Home Care Products 


2 


2 


128 


0.4 


1.7 


Semiconductors 


1 


1 


246 


0.8 


5.8 


Steel 


3 


5 


759 


2.5 


0.6 


Telecommunications 


2 


9 


1.063 


3.6 


1.5 


Tires & Rubber 


1 


1 


167 


0.6 


1.7 


Total Above 


58 




22.999 


77.1 






31 




6.840 


22.9 




Grand Totals 


89 


165 


29.771 


100.0 





'Includes matching funds provided by other NSF Divisions. 
•"NSF. Industry/University Cooperative Research Projects F ram. 
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Table 23 

Summary of University Involvement in lUCR Program 



lUCR Program (FY 78-81) 



Projects (No.) 



S Awards' (OOO's) 



Percentage Shares of 
lUCRAwards (1978-81) 



Rank" 
(InToplOO) 



fen Leading lUC Performers: 

Stanford 10 2.832 

UCLA 3 1.585 

Delaware 2 1.410 

Purdue 7 1.076 

Rochester 3 1.024 

Florida 4 1.016 

use 4 955 

Cal.Tech 2 848 

Pittsburgh 4 840 

Carnegie-Mellon... 5 803 

Concentration of Funding: 
Leading lUC Universities 

Top 10 44 12.389 

Top 20 78 18.336 

Top 50 131 26.641 

Top 79 (all performers) .... 165 29.771 

Leading R&D Universities 

Top 10 40 6.798 

Top 20 60 10.768 

Top 50 102 18.971 

Top 100 139 25.853 

•Includes matching funds provided by other NSF Divisions. 

"Universities ranked by total value of all R&D performed in FY 1979 [based on NSF data). 



9.6 
5.4 
4.8 
3.6 
3.5 
3.4 
3.2 
2.9 
2.8 
2.7 



41.9 

62.1 
90.3 
100,0 

24.2 
36.4 
61.8 
84.2 



6 
14 
100 
28 
23 
32 
24 
41 
59 
69 



own. It was difTlcult for them to develop this inter- 
cictiori formally. Such interaction was not encour- 
ac^ed by the top level cotnpany managers. According 
to the professor, the way the system worked at the 
company made it hard. Time and money had to be 
justified and there was a feeling in the top manage- 
ment that there was no benefit to working with 
someone who would publish everything. 

. Mowevcr, the professor continued his interac- 
tion with the scientist at the company. Finally, the 
company provided him with a small level of support, 
$20,000 for two years. Me had access to the com- 
pany's instrument labs, and the money he received 
WHS fle.xible. The professor was impressed with tlie 
company research efforts. Me then proposed that 
they submit a joint proposal to the nSF industry/ 
university coupling (lUCR) program. Their proposal 
Wcis funded. The government program is based on a 
three-year interaction between the company and the 
university. There are provisions for exchange of per- 
sonnel, support of three graduate students and a 
post-doctoral scientist Six researchers at the com- 
pany will he involved. The professor felt that this 
program was very cost-effective for the company, 
and that the nSF funding was having a very signifi- 
cant effect on his interaction with the company. Me 
believes that the nSF program attracted interest 
within the company to his research. An important 
aspect of the university/industry coupling program, 
according to this professor, was that it gave them a 
chance to address at a basic level something that is 
important for the national need as well as the com- 
pany's need. Impurities in chips are a limiting 
problem for device applications. The university will 
provide the company witli sampler that they can 
test for these Impurities. 



The difficulty of the individual university scientists 
securing access to key indusLiial research managers 
who can support a project, as alluded to in this anec- 
dote, was frequently mentioned as a problem in initi- 
ating aniversity/industry research proriranis. and was 
mentioned particularly by those academic iiviicntists 
interested in initiating government funded vjoperativ^: 
resceirch efforts. 

In conjunction with '••v * ir.creascd interest of gov- 
ernment in university/industry programs, extensive 
debate has occurred over ^hc: issue of ti.»j necessity for 
a government funded coc-ijerative research effort. One 
approach is that such support is nol: needed becaiise 
if industry and universit'es really developed mutual 
interests, they would get together independently. Anal- 
ysis of the origins of several of these cooperative gov- 
ernment funded programs indicated that this is not 
necessarily so. 

In the previous example, the difficulty of company 
and university scientists eliciting formal company 
encouragement for cooperative research in a program 
not perceived to be of immediate interest to the com- 
pany was alluded to. In several other cases, both com- 
pany and university researchers stated that if the lUCR 
program didn't exist, then the company would not 
have funded university research in that area. 

In one case, researchers stated that they went to 
the government because the company "couldn't pro- 
tect its own interests" and to do the research justice 
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Ihcy needed additional funding and more cjeneral sup- 
()()it. 

In sn[)[)()rl ol (ioveininent sponsored university/ 
indusliy couplituj [)r(Kp anis many scientists from both 
induslr>' anfl university suggested that such programs 
allow industry' an opportunity to investigate theoretical 
aspects o! llicir coniiiicrcial interests. It was suggested, 
by company tepresenlatives tliat participation in these 
programs boosted the morale of scientists in industry 
and lliey welcomed the chance for joint authorship in 
scientific publications, in many government spon- 
sored university/industry cooperative research pro- 
. ams. including the MSf lUCK Program, the govern- 
jeiU recjuires cost siiaring. A few of the company 
stMilalives interx'icwed said that tliese cost shat- 
. ■ ;:ui.ireme!ils were a significant barrier to their 
I ..h »= .'lit n in such programs. 

iiie i.c.ture and criteria of government spon- 
sored c(>ij;)li!Ui programs affect the participants, subj- 
ec l ir,.»h:r <ind commitment of both parties. 

i'riVfUe universities have been more active partici- 
pants in l!]e I^SC ilJCK [)rogram than public universities. 
Ol *)v' t;jiiversities visited by the research team, the 
P'ivaie universities had 15 of the PiSF university coup- 
ling graiits a* 9 uni>"".rsities in 1979, and had 26 of the 
grants <U 13 ui;ivcrsities in 1980. The public universi- 
ties had 10 rssr lUCl^ grants at 7 schools in 1979, and 
12 at n dillerent schools in 1980. 

iiasic science research aligned to commercial 
iriterests in llclds otherivise minimally supported by 
industiy may be fostered b\ the i^Sr IIXR program. In 
the lirsl year of the PiSF lUCR program, all but one or 
two grants could be char^rterized as basic engineer- 
ing research. This was tru., (or the second year as well. 
In HiiJO. almost 50% ':'9 out of 38 programs) of the 
coupling (:rograms al he schools the research team 
visited could l)e characterized as basic science re- 
search as opposed to ba c engineering research. The 
iniormatioj; gathered in thi-^ '-ludy indicates that very 
littlt! industritjl support lappri .imately 30% or less of 
the IcA'cxl industrially supported university research) 
goes to science programs in physics, math and bio- 
l(Ht\. And about 6070 of industrial support of university 
re-..:-/rch is Im engineering. (See ChapterV, pp. 20-21.) 
Thus, the . .atively high level of cooperative research 
in these area::, o: basic sc^^nce within the industry/ 
unixersity couoling program could be an inf'fcation 
that the crite, a of Uie PiST lUCR program serve as 
incetitives for industry' to couple its needs to new areas 
ol ba^'c universi^v science. 

Ui he Office of i^aval Research Programs, where 
the coijpl ng procedures and criteria are different, and 
funding is primarily through subcontracts, most of the 
programs were in engineering. Eighteen of the 39 
schools visited l)y the research team participated in 30 
of the 41 university/industry programs in which OPiR 
participates. Fifteen programs were at 7 of the private 
schools visited, and 15 programs vwcre at 11 of the 
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public schools visited. About 61% of the programs 
^\ ^re in engineering. (Table 24.) 

B. Group or Consortial Arrangements Fostering 
Cooperative University/Industry Research 

Research funcjing for a university program by an 
association of companies is apparently of \rowing 
interest to industry as well as universities. Such inter- 
actions can include support through focused indus- 
trial liaison programs, multi-company support of a 
research center or laboratory, collective industry sup- 
port of research, and an association of a group of com- 
panies and universities in order to conduct research. 
The growth of these types of interactions may be re- 
lated to the increasing complexity and cost of scien- 
tific research, as well as to the recent clarification 
of U.S. anti-trust laws regarding basic research. (See 
Chapter V.) 

1. Special Purpose Industrial Affiliate Programs 
(Tocused Industrial Liaison Programs.) 

Focused industrial affiliate programs must be 
distinguished from institutional or general purpose 
industrial associates programs (see Chapter IX, p. 92) 
to the extent tliat these programs involve a degree of 
technical focus or cooperation by the jDartners in- 
volved. To some degree, this is difficult to determine 
because there is a spectrum of focus in industrial 
associates programs and a spectrum of degree of 
interaction. Examples of fo.:used industrial liaison pro- 
grams include: The Electromagnetics Propagation and 
Communications Affiliates at the University of Illinois; 
The Metal Cutting Industrial Affiliates Program at 
the University of Michigan; The Wisconsin Electric 
Machines and Power Electronics Consortium (WEMPEC) 
at the University of Wisconsin; The Industrial Systems 
Control Program at Case Western Reserve; The Emul- 
sion Polymer Liaison Program at Lehigh University; 
The Optics Industrial Associates Program at the Uni- 
versity of Rochester; The Qeosignal Processing Indus- 
trial Affiliates Program at the University of Southern 
California. 

As a liaison program bedomes more focused and 
structured around a research program, there is more 
interaction between parties, and at some point they 
can be better characterized as mini-research con- 
sortia. Sometimes these programs naturally evolve 
into research consortia. This was the case with sev- 
eral industrial associates programs in the polymer 
field, and in the fields of electrical engineering and 
computer science. 

From the point of view of the university, a focused 
industrial affiliates program is a means to create stable 
industriaf support of university research. From the in- 
dustrial point of view, it is a chance to gain a window 
on technology, have ready access to students, and play 
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a ^olc irt suggesling basic researc v efforts which will 
underpin their v)wn company research program. 

The forerunner of the focused industrial asso- 
ciates |>roc]rani, or speclrl interest industrial affili- 
ates progrcinis, is the liaison program of. Stanford 
University, This program is over 30 years old. Here, 
membership has always been at the departmental 
level. At Vr.l'^ university, there are over 19 affiliate 
nr{)(\rams. Each program is managed by faculty 
members working in fheir subject discipline areas, 
rather than by an administrative staff. This facilitates 
a program developing along the lines of the interest 
of the scientists and engineers, and the needs of 
those industries most closely allied to it. Each 
memi .v company is assigned to a faculty member. 
Thus, ihe emphasis is on individual contacts be- 
tween the representatives of each member com- 
pany and the faculty, staff, and students in the pro- 
gram. Axcss to students is the prime reason why 
tlie companies join. These programs also provide 
company representatives a chance to participate in 
the cliiection of a research program, and to obtain a 
window on tecfinology. 

Most focused liaison programs provide siniiiar. 
services as general associates programs. Most pro- 
grams host one or more meetings on campus, provide 
copies of reports, publications and resume listings, 
and encourage company campus liartlcipation. A fcvj 
programs provide for annual faculty site visits to a 
company location. Wlien this/Occurs,- the faculty are 



generally enthusiastic about the value of such visits, 
and the opportunity they provide for closer research 
ties. It is tJie focus on subject matter that provides 
opportur^ies for cooperative interactions to occur 
within these programs. In many focused industrial affil- 
iates programs, affiliate members are encouraged to 
brina/technical problems of a non-proprietary nature 
to mc attention of the faculty members and to outline 
whyat they believe to be the key problems in advancing 
th4 state of the art of their fields. Thus members may 
l/ave an influence on future research directions. As this 
advisory capacity becomes more formalized, to the 
extent where the member companies form an advisory 
board, this activity is better characterized as a research 
consortium. 

A few representative examples of this evolution 
include the Case Western Reserve Industrial Asso- 
ciates program in Polymer science, the Electrical 
Engineering Affiliates Program of Stanford Univer- 
sity, 1*he Energy Liaison program at Lehigh Univer- 
sity, the Geology Liaison program Louisiana State 
University, The Hydrocarbon Industrial Associates 
Program at tfie University of Soutfiern California, 
and the Chemical Engineering Industrial Associates 
program at Georgia T^ch. A more complete descrip- 
tion of this evolutiori is given in Chapter VI I, p. 40. 

The membership fees for focused industrial liai- 
son programs run aiiywhere from $1,000 to $25,000, 
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hut most often the fee is approximately $10,000 per 
compriny. Some procyams are requiring commitmetit 
ol nu-ml)t!rsliip ioi Iwo lo tlirce years. 

fhe current surge ol interest in industrial asso- 
ciates programs indicates the extent of increased 
interest m university/industry coupling, and particu- 
Inrlv in cooperative research. Of the 71 industrial asso- 
ciates f)rograms documented in this study, 35% were 
new programs in existence for less than one year. Only 
two of these new programs were general purpose 
caiiipus-wide industrial associates programs, and this 
type of industrial associates program accounted for 
only 10% of the total number documented (Tables 3 
and 7). Therefore, we suggest that the increase in 
tliese programs is not only being viewed as a fund- 
raising activity, but also as a means for creating more 
stable cooperative programs of university/industry 
research througli focusing on specific research areas. 
A[)[)roximately 95% of these new initiatives are occur- 
ring at public schools. One public midwestern univer- 
sity had 28 programs, of these 29% were new programs 
(one year or less) and 647o were up to five years old. 

There are also many older sucv-essfui special 
interest liaison programs. At the universities visited, 
there are approximately 16 liaison programs that have 
existed for longer than ten years, arid 20 between three 
and ten years (Table 7). Every private university visited 
(17) had at least some form of a focused industrial 
associates program already in existence. Of the (22) 
public universities visited, no industrial associ : \2S 
programs existed at 6 universities, and 3 of these uni- 
versities made no mention of interest in starting such 
programs in the near future. Of the older programs 
(greater than ten years old), about 60% are at private 
universities. 

Only two industrial associates programs in bio- 
cheniistiy were documented, both less than one yea^ 
old, and none were documented in pliysics, math or 
biology. Approximately 80% of the programs were 
within a scliool ol engineering. One of the oldest 
s[)ecial interest industrial associates programs is a 
program at a private university in systems engineering 
wliicli liad been in existence for 27 years. 

In order to institute a focused industrial liaison 
program many researchers noted the importance of 
liaving a critical mass of researchers. The/following 
provides a descripti »n of the initiation of/a cui.ently 
well-cstablisiied special interest industrial affiliates 
program. ~ 



l lils proqirinL an industrial alfiliates program 
i!i polymer science, w/as initialed by a professor of 
mncromolecular science at a- private university. 

riic professor made tlic point tliat in tryitig ' 
to enlist companies, he luid to "seek out "enlight- 
ened ' reseacch diiectors. Many at tlie companies 
api^r: iched were tliose he liad consulted for at 
souK ooint. Tlie other companies were proximate 
lo the univeisity. Additionally, he had worked for 
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DuPont and thereby understood the needs and per- 
spective of industrial managers. Important in estab- 
lishing the program was the willingness at the 
university to make an investment. This was accom- 
plished through the applicatic.n of Ford roundation 
funds which had been made available for develop- 
ment of engineering at the university. The professor 
emphasized the importance of critical mass in start- 
ing a program. Wlien he got the companies to Join 
that critical mass barely existed. 



2. [Research Consortia 

Research consortia can be characterized as speci- 
fic mission programs organized to ensure that the 
generic or mission-oriented research will be carried 
out. A key to the development of many successful 
research consortia is an industrial afflljate prograrn. • 
Affiliate programs have led to very successful Indus- • 
trially funded consortial research programs in polymer 
science, micro-electronics, robotics, and computer sci- 
ence (including computer graphics and computer- 
aided design and computer-aided manufacturing). 
(See Chapters Vil and VIII, pp. 44-46, and 55-56,;59-60). 
Many new initiatives are evolving in the biotechnology 
area. A primary element of the successful development 
of these research consortia seems to be that the indus- 
trial affiliates program allowed a leader to evolve, and 
the program naturally developed through the give-and- 
take of personal contacts between the industrial asso- 
ciates members and the university scientists. (See 
Chapter VII, pp. 41-42.) 

Less successful are those consortia put together 
by a group of organizations, or ^^group of people who 
organize programs by piecing^heir interests together, 
rather than letting their interactions evolve. During the 
evolutionary proces:^, researcfhers find mutual areas of 
interest and complementary capabilities. y 

When large consortia/are directed by committees 
and are accompanied by high admini' "ative costs, 
they tend to be viewe<^ with skepticism by university 
scientists and industrial scientists. Such programs 
have been particularly prevalent in the fields of energy 
and environmental science. Presently, there are initia- 
tives to establish several such programs In the micro- 
electronics field. The complexity of these subjects 
requires vast resources, and thus there is a rationale 
for such programs. However, of four committee-run 
consortia reviewed, sponsoring energy related research, 
none was viewed as successful in iacilitating univer- 
sity/industry cooperative research by those scientists 
asked, who had a chance to participate in these pro- 
grams. The problem may have t en related to pro^ 
gram organization and manageiiient. Coordination of 
effort in these programs often depended on informal 
meetings for exchange of information, and there was 
no central facility on which to focus the program. 

A new initiative taken by the cfiemical industry 
may prove to be a successful model ^br initiation of. 
large consortial research programs. 
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This collective! indusUial <K:ti()ti was itiilialed by 
.1 \vcll-n*s|H*( ted loniier vlre president foi" t eseat c fi 
jt <i (hrmi(.il c oinp.iny. lie was ititcMesled in up- 
qMdinn le( hrujjoqv .it the ( omp.jny and wantctd to 
stinuiKitf U)n(in lanqc u scaM li. Out ol his (oncein 
al)t)ut en(\inceiinci tind the loss o\ innovatit)n in edu- 
( ation in tlie United Stales, lie attended three qov- 
ernnient sponsored conlerences ou our declining 
ti*( hn()l()(i\'; after each nieetinc;, all the [Participants 
uenl hoMu: «iMd notliinci was done, lie decided to do 
st)nH-lliin(\. Ill* o!(\anized a ?iu*etinq ol tlie directors 
ol rese«n( l! .md tlic deans and heads of en(jini:eri!Ui 
,n!tl (heniistry (^* p<irunents for about $300. 000. 
don<iled by his owti company. At the conference, he 
«isl\ed wt'll-Knowii ( lieinisls to speak in llu: moniinc;, 
and In the afternoon, lie held an open session. The 
open session was ( l itical at this flist nieetin(j. A 
l«irt\e number ol iiuesticiators with whom this initia- 
ti\e was (lis( usst^d said that the nieetiny's most 
import. ml oulconu: was the openinci up of channels 
oi ( omnmniccition between university and industry' 
s(ientlsts. 

At lliis first tiieetincj. the attendees set up a 
Steel inq Ct)niiiiittee. which cliose a task force. Kqual 
numbers ol ri-presentatlves from industiy and uni- 
\ersjly sal on eac h of these committees. hSF to 
st)nu! extent, eiKDuraqod the initiation of this acliv- 
ily by liaxiiui the [)iri:ctor of hST qive a talk at this 
first ( oiileience. and in acjreeiiKj to support the uni- 
versity people for their pai ticipalion iiiThe task force 
set up to explore the mechanisms of cooperation. 

The task force focused on the possibility of sel- 
tinn up a research consortium of chemical coni[>a- 
nles ,nul universities. They determined the cjoals 
and objt*c{ives of such an orciamzaLion. and made 
tlu'ir proposal to a second l^iryc conference of 
industry tUtd university chemists and clieniical encji- 
neers. At this si!cond confeience, the attendees 
decided to form the Ccjuucil foi' Clicmical Research, 
(he ceiitiiil issues then bcaime: 

( 1) sluuild tliere be a central fund for su[>porl 
of univi'i sity research and, if so. 

(2) how should the money be distribtiteci? 

A third nieetitui was held in the fall of 1981. A 
central fund of new money for basic re::iearcli or 
v!du( atioi.i was established. Tlie recommended divi- 
sion of fees lor niembersliip weie: a company will 
c\ive 25'^i> of the niembersliip fee to the central fund 
ol the c;ouiicil for Chemical F^eseaich. and the other 
75'/(> of the fee will be spent on dii eel company fund- 
ing of univeisity pro(\ranis. however, a company 
could still be a member of the Council for Clicmical 
Ki'st^arcli without oayiiKi into the cential fund. The 
nu'iubet siiip of the Council for Chemical Kesearc'n 
is to be iiKidc: up of anybody wfio wants to join. Tlie 
.cost to a company dei^eiuis on the number of C(Pni- 
'[)any chemical encjineeis and cfiemisls. There will 
1)1! a [Mi'mium of 4 times for Pli.D.s, c.ci., if they set 
the. fee at $100 f(^! each bachelors deyiec chemist 
or ( lieniic.il engineer the fee foi each Ph.D. will be 
$400. r-sently, CCK has decided that liiey will dis- 
tribute the c entral fund money according to a fouiiula 
b.ised on the number of IMi.D.s a chemistiy oi clieni- 
ical eiujiiu'eriiifi department produces. 

As of March 1 982, CCK had 100 university mem- 
bers and 27 company meml^eis. The otqanization 
e\[)ects to have a tiAal of 40 coirpany mcmbi!is ()y 
April 1. 1982. To date, (March, 1 9tr2), pledqes to the 
cen*.ral fund exceed $3 million. 



The benefits of establishing research consortia 
sucfi as CCK can be considerable. The founders of the 
CCK expect that transfer of technology' and new Ideas 
should occur more readily, ttiat there should be In- 
creased opportunity for Industry exposure to break- 
throughs from the university, and that CCR should 
foster stronger research programs that Integrate aca- 
demic pursuit of basic science with engineering. 

C. Institutional Facilities 

Centers, Institutes, and research facilities furnish 
means for coordinating programs to attract industry. 
They can provide equipment in a central location. Our 
studies on university/industry research interactions 
suggest that certain targeted research centers (Stan- 
ford Center for Integrated Circuits, University of Dela- 
ware Catalysis Center; l^aboratory for Laser Energetics, 
University of Kochester) are particularly effective in 
attracting Industrial support. Often these specialized 
laboratories and centers are formed especially to meet 
industrial needs and concerns (e.g.. Center for Manu- 
facturing Productivity, RPi; Minerals Resources Re- 
search Center, University of Minnesota; Center for Bio- 
technology, Stanford University). 

The center concept brings focus to research and 
this may facilitate cooperation with industry. The 
centers need not necessarily be physical entities, but 
they must serve as a focus, provide a piece of equip- 
ment, or provide coherence for related research efforts 
conducted in a general area. Many believe that t^ie 
center and institute structure is a transitional struc-. 
ture [between the typical university environment and 
the outside, or external world. Their administrative 
structure is viewed as making possible a better inter- 
face with industiy, (See Chapter VI, Section C) 

, At some universities, a substantial amount of 
research is done in centers or institittes, and fre- 
quently the predominance of industrial support is at 
centers or institutes. (Libsch,* 1976.) Several successful 
industrially sponsored programs have occurred where 
a center is formed in conjunction with an industrial 
liaison program. (See pp, 31-32,) 

We reviewed 89 centers and institutes which had 
some form of industrial support. Of these, 76% can be 
characterized as U/l cooperative research centers, . 
eleven were newly planned institutes, and six were 
alK)ut one year old. About 50^/o of the cooperative re- 
search centers were less than three years old (Tabic 7, 
p. 22). By far, the greatest number of centers or institutes 
interacted with industry through contracted research. 

A new feature of the industrial support of many of 
these newer centers is multi-co!7ipany support, includ- 
ing compiinics from several industries. 

f'or example, one materials science center 

has sup[K^rt from [^loduce? companies including 

OuPont. Celancse. Hercules. Owens Clorniny-lMbcr- 
(ilas and usi!r companies iuf ludiiuj I'ord. Oener^il 
IJectric. (leneral Motors. Koclvwcll International and 
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y\Xi Industries. A aitalytic research center has botli 
nil (oinpiiiiy and cliemical company support, and a 
[)olynu'r pr()( rssiiij; ()rc)(ira!n has support from the 
iiuloinotivf intlushy, the itilornuition processing 
industiy, instrumeiitalion companies and the chem- 
ical industry. 

For the most part such centers attracting wide- 
sprctul company support are addressing areas of 
research that cut across and might prove fundamental 
to several industries. Tluis the concept of industry sup- 
portecj "ncMieric research centers" which conduct re- 
seench that cannot be captured by individual firms is 
heqinning to )me well established or gaining ac- 
ceptance in some areas. 

Most centers and institutes reviewed had a combi- 
luition of state and federal government, industrial and 
some university support. Only one center was com- 
pletely supported by industry in its initiation and its 
snt)se(|uenl maintenance or operating funds. One 
principal issue concerning cent^trs and institutes is the 
exteiit to which they are aligned with a department. 
(See Chapter VI, Section C, p. 32.) Of the centers 
reviewed, tliose centers closely associated with a 
department seemed to suit industrial needs of access 
to students more closely and cause less n Iction in the 
academic environment. 

1. CaapcTcUivc Hese'cxrch Centers 

CerHers liaving associated industrial affiliate pro- 
grams where member companies serve in an advi- 
sory capacity regarding the direction of research can 
be characterized as cooperative industrially funded 
centers. 

Examples of such centers include: Tlie Seismic 
Acoustic Laborat()r>' at tlie University of Houston; 
Mydrocarhon Kescarcli Institute at the University of 
Southern California; Center for Futures Research at 
the University of Southern Califorr.j; Center for 
Applied Polymer Kesearcli at Case Western Reserve; 
Center lor Surface and Coating Research at Lehigh 
Ltniversily; The Materials Science Center at Lehigh 
University; The Materials Research Laboratory at 
Penn Slate; The Center for Microelectronics at Rens- 
selaer Polyteclinic Institute (RPl); The Center for 
Manufacturing Productivity at RPl; and The Center 
lor inlec^rated Graphics at r<Pl. 

Iti over 907o of cases reviewed (68), these centers 
had agreed to provide their sponsors with royalty-free, 
nonexclusive licenses. - ' 

The use of this mechanism of approach to univer- 
sity/industry research seems to be gaining enthu- 
siasm, but its prevalence is relatively new. The older 
cooperative centers interact with industry through con- 
tracts, and frequently do not have the associated affiliate 
programs. Furthermore, the older centers tend to be 
oriented toward a specific industry and receive support 
from companies within an industry. 

Over 507() of the industrially funded cooperative 
centers (centers which have industrial affiliate pro- 
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grams associated with them) are less than five years 
old. A distinguishing factor of many of these new 
centers is they receive multi-company support from 
several industries. Further, these centers tend to be 
located at private universities, e.g., 14 out of 20 centers 
reviewed. 

Cooperative funding of generic technology cen- 
ters, such as was proposed by the Department of Com- 
merce, was not viewed with enthusiasm by any of the 
companies interviewed. One problem here seemed 
to be the lack of a mechanism to build strong ties 
between individual investigators at the universities and 
industry. 

Cooperative research centers, such as those funded 
by nSF, have been written about extensively, (national 
Science Foundation, 1981) Examples include: 

The Polymer Processing Program at MIT, the 
Furniture R&D Applications Institittc at north Caro- 
lina State University (Raleigh), The new England 
Energy Development System (nEEDS), The Ohio 
State Welding Center, and The Computer Graphics 
Center at Rensselaer Polytechnic institute. Within 
the past year, two new centers were established. The 
University/Industry Center for Robotics at the Uni- 
versity of Rhode Island, and a Center for Univrtrsity 
of Massachusetts Industry Research on Polymers 
(CUMiRP) at the University of Massachusetts-Am he rsL 

In helping to establish such research centers, MSF 
provides seed money to aid the center in commencing 
its research program. The objective is to encourage 
industry to join the program and provide increasing 
support. After a period (hopefully five years) it is ex- 
pected that companies will be responsible for the com- 
plete support and financial operation of a center. The 
MIT Polymer Processing Program is now completely 
supported by industry. The two new centers are being 
established with considerable initial company support. 

The cooperative university/industry centers ex- 
periment is designed to explore the feasibility of uni- 
versity/industi-y linkages that will more ( losely couple 
the capabilities and products of academic research to 
the production sector of the economy. The identifica- 
tion of the circumstances that encourage the creation 
and maintenance of strong, self-sustaining linkages is 
the overriding objective of the nSF program. Thus, 
individual grants are structured through cooperative 
research agreements with the quantitative and qualita- 
tive goals that include the attainment of sufficient 
financial support from industry to continue without 
subsidy. In this broad framework, PiSF is tryinga variety 
of concepts. Of the several such centers reviewed in 
this study, one had reached the point where it was 
solely supported by industry, and most others were 
successfully attracting industrial support. The most 
critical factor in developing such centers seems to be 
an energetic leader with a sense of direction. One 
center reviewed was not successful. 
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The reasons given were as follows: 

( 1) there was no strong faculty leader, 

(2) the prograni was structured by administrators 
llrsl. and (acuity second, 

(5) the approach of the program was too broad, 
(4) the Industrial sector this center served was 
extremely fragmented. 

Several cicaclertiic scientists associated with the pro- 
gram suggested that rather than approach a number 
of companies, they should have worked with one or 
two companies. This assumes that others would have 
followed suit as they saw useful results from one or 
two companies' interaction with the university. 

2, Utiwcrsily-hased Institutes Serving 
Industri^U Fieeds 

Centers characterized as university-based but 
serving Industrial needs most often are supported 
through substantial government funds as well as 
industrial contracts. Most of these institutes are firmly 
established. Many have significant support from state 
governments. Of those reviewed, all had been in exist- 
ence for more than three years. University-based insti- 
tutes (or centers) serving industrial needs tend to be 
established at public universities. Of about 20 such 
centers or institutes reviewed, only 4 were at private 
universities. Frequently, these Institutes are Initiated 
after local industr\' puts pressure on the legislature to 
allocate state resources to form an institute to serve 
their needs. These institutes most often receive Indus- 
trial support or interact with companies classified 
within one industrial sector. Such institutes are par- 
ticularly prevalent in fields related to agriculture, food 
and nutritional research, forestry and textiles. These 
tend to represent important natural resources and in- 
dustrial activity of a given region, hence the emphasis 
within the public institution. Because of the regional 
locus, propinquity of interested companies, and the 
strong public service mandate of the institutions 
where these institutes tend to be located, they provide 
a strong base for cooperative research activity. 

Historically, an important model ii the agricul- 
tural institute (cfi the Swine Producers Research 
Inslitute at the University of Wisconsin, the Food and 
riutrition Science institute at the University of Minne- 
sota, the Institute for Plant Development at the Univer- 
sity of Wisconsin, and the Animal Husbandry Institute . 
at Colorado State University), which has been critical 
to agricultural development and received great sup- 
port from state and local government as well as com- 
panies. Critical to the functioning of many of these 
institutes has been a close relationship with the U.S. 
Department of Agriculture Laboratories. Laboratories 
or centers directed toward the interests of the mines 
and minerals industry (e.g., the Department of Metal- 
lurgy and Metallurgical Engineering at the University of 
Utah, the Earth Mechanics Institute at the Colorado 



School of Mines) which have had close relationships 
with the Bureau of Mines serve as additional examples. 

A typical example of this sort is the Mineral 
Resources Research Center (MRRC) of the University 
of Minnesota. MRRC was established as the Mines 
Experiment Station, a service of the School of Mines 
analogous to the Agricultural Experiment Station. 
Minnesota is a state of vast mineral wealth and iron- 
bearing ores have been an important source of 
revenue for nearly a century. In the early days, any 
individual or company could bring a problem to the 
Mines Experiment Station and research could be 
done free. It was at MRRC that the taconlte process 
was developed that made possible the profitable 
recovery of low grade magnetic ores from the MesabI 
Range. 

In the 1970's, the Mines Experiment Station 
underwent reorganization and became the Mineral 
Resources Research Center. The Institute has a pilot 
plant which enables the researchers to separate 
theoretically possible processes from those that are 
technically feasible. The pilot plant Is one of the few 
located., at educational institutions in the United 
States^ 

The minerals*" Industry Is showing particular 
interest In mechanisms for better control overfeed- 
ing ore Into plants, in grinding processes, etc. The 
MRRC pilot plant Is equipped with cornputer control 
devices to monitor such prpcesses. Althiough Indus- 
try has continually benefitted from the Institute and 
participated in Institute activities in the past com- 
panies have tended to regard It a service, a place 
where they can contract research aimed at solving 
a technical problem, rather than a center for basic 
mining research. This may be partly due to the 
structure of the mines and minerals Industry (sed 
Chapter VIII, pp. 61-62), and partly due to histori- 
cal reasons concerning the origin and development 
of the institute. However, there are indicatloi:s that 
the attitudes of the industry may be changing. 

3. Jointly Owned or Operated Facilities 
and Equipment 

Jointly owned or operated facilities are rare. The 
research team saw none that were jointly owned. How^ 
ever, there were a couple of instances where a facility 
was jointly operated, or at least jointly used. Usually 
such programs are based on a unique facility or ex- 
pensive equipment One such facility is the Laboratory 
for Laser Energetics at the University of Rochester. 
This was described in an earlier report (Brodsky et 
a/., 1979). 

Another example is a shared research facility at a 
private midwestern university administered through 
their Chemistry Department. 

The university originally established the facility 
seven or eight years ago through funds obt'^med 
from industry for the purchase of the equipment 
The equipment is housed at the university. The 
facility Is open to industry on a fee basis. Cotiipatiies 
pay a fee to join, and in addition, pay a fee each 
time the equipment is used. The fee for Industry is 
liighcr than for departments at the university. An 
administrator at this university stated that this way 
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ol lundinci the program is a doublc cdgcci sword. If 
Ihi' university nusrs the fees to be able to buy new 
i-(|uij)MU*nt. or liu- e(jul[)inent in top condition, 
they will ( losi* oul some useis wlio actually depend 
on llie use ol the facility, ['urtherniorc, it they raise 
tlie rates, this niiyht be considered l)y the Internal 
Ke\enue Seivicc as creatiny unrelated income. Mow- 
ever, since it is veiy ex[)ensivc to maintain and operate 
this e(iui[)ment, balajice must be cstiiblishcd. Accord- 
ing to this aciniinistrator, this mode of industrial 
support is not really a lone] term solution, l)ecause 
il companies really want the equipment, they will 
l)uy it. 

A unique example of uiiiversity/iiidustry collab- 
ortjlloii in the use of big rcsearcli faciiities has devel- 
oped c\{ brookhaven Mational Laboratories. (Telcli, 
19B1.) 

A research facility known as the national 5yn- 
( hrotron Licjht Source (nSLS) which beyan opera- 
lions in the lall of 1981 has been built at lirook- 
lia\en national Laboratories (F5nL). In order to be 
able to eciuip lully the more than forty experimental 
sites at the facility, a unique organizational plan was 
(le\i!loped. 

i wo categories of users were established. A 
nunil)er of beam lines have been dcsigr.'.d and 
instrumented by a class of users called "Partici- 
. patinq Kesearch Teams" (PKTs). These PKTs have 
[)aid for and set up their own instrumentation in 
return for exclusive usaqe of their beam line for up 
to three-quarters of its scheduled time over a period 
of three years. The remainder of the beam time and 
the equipment must l)e made available by the PK ' s 
to qeneral users, and the PKTs must assist the qe/^- 
eral users in settinq u[) and conductinq their experi- 
ments and, if mutually desirable, collaborate with 
tliem. These qeneral users," who make up the 
second category of u«-ers, also have access to the 
otliei beam lines and ir.struments built l^y nSLS 
staff and intended for qe:ieral usage. 

In order to achieve a "critical mass" of scien- 
tific and technical skills, as well as usage needs, the 
nSLS manaqenient has cnc ouraqed potential users 
to join l(jrces in settinq u[) PKTs and shortcrTerm 
experiments. In several instances, these joint efforts 
involve both university and industry teams. One 
qroup on the ultraviolet vuki involves collaborators 
ironi l^ro()khaven. State Dniversity of nevy York, Uni- 
\ersity of Pennsylvania, and Xeiox Corporation. 
Another, an x-ray beam line, involves scientists from 
IPiM O)r[)orati()n and MIT. Since the facility is so 
new, it is still too soon to juclqe how well these 
arrangements are workinq, 

D. Informal Cooperative Interaction: Co-authoring 
Papers, Equipment Sharing, Information 
Sharing, etc. 

During our in'.ervlews, coopercitlve interaction 
without the exchange of money (Informal cooperative 
research) was not alluded to frequeiitly. Yet, we are 
aware that such Interaction does occur, particularly 
with Industrial scientists from companies that liave 
large Inisic research efforts {e.g., IBM, I3cll Labora- 
tories, Xerox, Q.K. and United Teclinoiocues). At a few 
Industrial laboratories, we witnessed university scien- 
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tists using company laboratory equipment and co- 
operating witli tlie Industrial scientists. Sucli coopera-^ 
tlve Interactions are difficult to document systematically. 
Tlie following anecdote Is presented to Illustrate what 
such an hiteractlori can entail. 

A scientist, upon returning to a large high tech- 
noloc]y com()any after spending a fc-w years teaching 
at a university, was introduced to the chairman of the 
physics department at a local university. They devel- 
o[)ed an immediate rapport. It turned out that they 
[ir.d been acquainted previously. Tliey had similar 
research interests and i)egan a dialogue on scien- 
tific matters. They continued to do so and this led 
to cooperation in research for seven years. Several 
co-authored papers have come out of this program. 
'The company scientist helps supervise graduate 
students. He eventually received an appointment as 
a visiting professor. The academic scientist uses the 
com[)any laboratory and lie now has a consulting 
relationshif) with the company. The company scien- 
tist moved some of his own equipment to tlie uni- 
versity, he feels that this interaction has [provided 
him with a mechanism for partici[)atinq in new re- 
search with minimum commitment of his time. The 
interaction enhances his own company program. 
Although the company scientist is not in a [position 
to give tlie academic scientist a grant, he can pay 
for seivices and issue work orders. The academic 
scientist uses this money to sup[)ort graduate stu- 
dents, f'urthermore, tliis interaction [provides a base 
lor otjtaining government grants, 

nnowLiiDui: ifiAnsr^H 

Knowledge transfer can orciu" through a 
variety of mechatiisrns, some of which have 
knowledge transfer as their main purpos**, and 
sonic which do not. They are frequently an 
essetitlal element to the development of coop- 
erative research Interaction. (See Chapter V, 
p. 18.) 

A. Personal Interactions 

Personal Interactions between university and com- 
pany scientists are particularly critical in helping to 
initiate large cooperative <inlverslty/lndi;stry' ^'esearch 
programs. They Involve both formal and informal pro- 
grams that may or may not have scientific or technical 
knowledge trr^nsfcr as their primary purpose. In a 
sui'vey,(Plca.'d, 1981 ) of 128 Mil Industrial Liaison Pro- 
gratn members, and former members, company con- 
tacts were asked to choose which services provided by 
the I LP Program were most useful. Choosing from a 
list of 26 specific services, company contacts ranked 
most highly the personal Interactions with the faculty. 

Personnel exchange between tullvc^L^itles and 
companies can be an iniportant means for extending 
personal Interactions. The practice of p^^rso'"inel ex- 
change is implemented both through forn^al a!id In- 
formal programs that include: visiting profn^so). ships. 




post-doctorals, travel overseas, assignments at univer- 
sities cnqaged In high priority research, consultants, 
conipany scniinrus by visiting scientists, participation 
In Intensive workshops, ami lectures by company sci- 
entists. 

A nuijority of individuals contacted believe that 
personnel exchange, when it occurred was a fruitful 
interijction. however, there were no extensive or formal 
university/industry exchange programs at most insti- 
tutions visited. 

Invdstigators in over 50% of the schools visited 
mentioned they had participated in personnel ex- 
change to a small extent, or knew of other individuals 
who had. All stated that this was not a large or signifi- 
cant university/industry research interaction. Most 
Iridiaited that few scientists come from companies on 
a temporary basis to conduct research at universities, 
hut when it occurred, it was a success. These cases are 
usually instances where a company sends a man for 
retraitiing and pays his salary and fees. 

Several oises were reviewed where company sci- 
entists were paid by the company while spending time 
at a university research laboratory. 

f-'or example, one drug company pays the salary 
()( a scientist who works two days a week at a south- 
ern public university and three days a week at the 
company research laboratory. 

In another case, the chemistry department at 
Duke University provided space for personnel from 
ci chemical company. The company paid rent for the 
space and in return a new and relatively inexperi- 
enced company employee was supervised by a faculty 
member. I he university benefits from ttie rent and 
the interaction. This is a unusual interaction but 
other siniil.n cases were documented. 

The riiobility of scientists at one information proc- 
essing lirr]i Is a prime example of informal exchange. 

I'ach year, approximately 150 visiting scientists 
from ll^N spend time in another research site. Alx)ut 
hair of these opportunities arc within the United 
States, atid half arc* abroad, primarily in tlnrope. The 
company employees wfio participate frequently 
spend time at otiier laboratories belonging to the 
company, or iti universities. The non-employee pan 
licipants are often post-doctoral sUidents who come 
to a company laboratory for varying amounts of 
time, riu! areas n\ emphasis for these exchanges , 
include: tnemt)iy storage, input-output analysis, laser 
physics, computer arcliitecUire, software and com- 
[Uitlng seivices. 

Universities occasionally establish informal ex- 
change programs with local companies. 

hi one program, a faculty member worked at a 
local company wliile two people from that company 
aime to tlie university to conduct research in mcch- 
anicai and metallurgical engineering. This program 
was a mixed success. Those/ wfio canie to the uni- 
versity from industry brought an industrial research 
approach which served to broaden exposure of 
faculty anc students, however, the professors who 
went to the company came back with a questionable 



new outlooli Th^ university mostly sent young faculty 
to itidustry, whereas experienced engineers came to 
the university. This may have been the basis of 
some difficulties that arose. Despite tlie benefits of 
tlie program, according to one scientist. It was pain- 
ful to operate. The experiment went on for three or 
four years, but stopped when the department liead 
Jefl. This underscores another aspect of the mixed 
success of the program. The program originated 
because the head of the university department put 
pressure on liis friend, the company vice president. 
Tills sort of program, established purely on a per- 
sonal basis, is quite subject to the mobility of the 
leader. 

Sometimes personnel exchange emanates from 
an opportunity to participate in a consulting arrange- 
ment. 

In one interesting case, a genetic engineering 
firm moved to achieve close proximity to a large 
public university with excellence in biomedical and 
agricultural research. A molecular biologist at the 
school has worked out an agreement whereby half 
his time is spent at the commercial laboratory and 
half at his university laboratory and teaching. This 
arrangement required difficult negotiations about 
tenure and conflicts of interest, and these issues 
still have not been fully resolved. 

In another instance, four geneticists from a 
midwestern school of genetics arranged to spend 
one day per week at a local bioengineering firm. In 
this case, the university war: concerned that there 
would be no faculty left to teach if they did not allow 
such an arrangement. Mow, there are difficulties in 
arranging schedules and ensuring the absence of a 
confiict of interest. 

A large number of scientists interviewed said they 
would favorably regard improving formal programs of 
personnel exchanges and would welcome new oppor- 
tunities to participate in exchange programs. Indus- 
trial sabbatical programs are of increasing interest to 
both university and industry scientists. 

At one public university, the chemical engineer- 
ing department, with a large Industrial program, 
decided to stop teaching short courses, because 
they were too time-consuming, and instead, spon- 
sor industrial sabbaticals at the university. This was 
well received and two chem'':al companies sent sci- 
entists for three to six months. The university would 
like to enlarge this program and feels that it has 
worked out well. Ov^e. participating scientist from 
Ohio, after receiving a brief indoctrination in the 
formal part of the program, immediately started 
"hands-on research" and vyorking with students. 
This experience helped him In his new position at 
the company. The company paid for the whole term 
of his university sabl)atical. The university depart- 
ment chairman stated that the reverse has not 
taken place, i.e., a university professor had not yet 
gone on sabbatical to industry. 

The emerging interest in facilitating personnel 
exchange is indicated by its inccporation into several 
new university/industry research programs. Person- 
nel exchange is an increasingly popular element of 
tiiany utiiversity/industry cooperative research centers. 
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Industrial scientists coming to spend time and do 
research at the university is an inteyi al part of the Cali- 
lornia Institute of Teclinology's Silicon Structure Pro- 
"cirani, tlic Coitiputr.r Science Program of the University 
of Washington, the Catalysis Center of the University of 
Delaware, the Polymer Program of L^6e Western Re- 
serve, and other similar programs (see Chapters Vli^ 
VIII and Section on Cooperative Research Centers in 
this chapter). A feature of several of the new university/ 
industry partnership agreements (e.g., Celanese-Yaie, 
Hocchst-Massachusetts General Hospital Diamond 
Shamrock-University of Arizona see Chapter VII) is a 
provision for a limited number of industrial scientists 
to spend time at the associated university laboratory. 
During the tenure (7 years) of the Harvard-Monsanto 
agreement tliere has been continual short term ex- 
change of scientists. . _ 

Several company tepresentotlves intervie'ved staled 
thcit as a result of a professor's work at the company 
(luring the summer, cooperative research programs 
hiul been established with the professor's urjiversity. 

Fr^xjuently, pereonnel exchange is accompanied by 
ecjuipnient gifts or loans and, in a few Instances, per- 
sonnel exchange depended on availability of unique 
equipment facilities. Such ititeraction is particularly 
\iahle when a large research company and r'-.search 
university are in close proximity to one another, i-^arely 
are there institutlonalizod programs for shati!ig facili- 
ll'zs. The t:>asis for such interaction is normally per- 
sonal contact. At a large public northwestern univer- 
sity, iiniversity scientists frequently use facilities at 
nearby aer()S[)acc and pulp and paper research lab- 
oratories. Industrial scientists use facilities at th^ 
university, such as the wind tunnei. This type of inter- 
action is particularly dependent upon geography. 

On a more formal basis. General Electric Com- 
pany has several programs of interest. 

Cool'uUic rclloioships. r:ach year, up to tfire-? 
(but normally iwo ) of the company's senior sclcn 
llsts/rnfiincers arc named by a council of peers a:. 
I'VlIows. This nwarcl conveys inter iUio tlie riglit to 
spend n[) to one year workiny on a project of their 
own duK.sinji, <U any site worldwide. Tlic company 
provides twM (numcicil support for travel, livlnci and 
stiiary dutino, this period. Upon coinplctlon, the 
award recipient returns to his previous position, 
witluMit loss of seniority. sal<ny cjrowth, or otiier 
frinfie l)enenis. 

Visithui KcsciiKh r'eUows. To facilitate Uie 
reverse cxc hanc\e, the company lu<s establislicd this 
pro(irani to nltract outstandiny scientists and engi- 
neers to spirnd three montfis to one year at a Cor- 
pornle Ki^'V) laboratory. These Individuals arc nomi- 
nated by ihe Corportitc R&D tecliniail staff. Most 
often, they select [people wlio can stimulate new 
research areas or bring needed fresfi Ideas into 
existing programs, fwcnty-four sucli rcllows liavc 
been named to date, and five arc currently in place. 
The company pays salaries, travel costs and certain . 
benefits. Only d few other large corporations. Includ- 
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ing one aerospace firm, have similar formal. visiting 
professor progratiis. 

Visitinq Research Scientists. This is a relatively 
new program designed to bring young promising * 
"' faculty members to laboratories for intense discus- 
sions on problems of common Interest. The stay is 
short-term, generally two weeks, and the company 
pays all tlic expenses. 

Several Investigators Identified certain difficulties 
with personnel exchange. The primary problem Is dis- 
ruption of family life. Secoiid, if a company Is having 
economic problems. It Is difficult to jusdfy this type of 
program. Third, If the subject area is in the high tech- 
nology field, or a fast-moving field of science, it may 
create a problem for the untenured university sclendst 
to be out of contact with his department chairman, and 
it Is also dilRcult for the industrial scientist to be out 
of contact with superiors. Each may be missing oppor- 
tunities for advaricement. Therefore, if such programs 
are institutionalized, a scientist must be assured of 
returning to a research program keyed to his research 
at the host institution, and he must be assured of a 
position equivalent to or better than what he lefl. A few 
university scientists expressed concern that the faculty 
member, after working in industry, would be tempted 
to remain there by a large salary offer. 

Most agreed that any workable large formalized 
exchange program would have to be flexible In the 
length of. exchange. Most felt that one to two months 
v.'as a reasonable length for a good and fruitful Interac- 
tion, but that one year was too long for those con- 
cerned about career development. 

2. Mechanisms for Stimulating Personal Interact 
Hons: r.qidpment Lending, Advisory Boards, 
. Seminars, Speakers' Programs, Publication 
Exchange 

Other practices of fostering perscr a| interactions, 
such as participation on advisory boards, :>emlnars, 
speakers' programs, publication exchange and ad- 
junct professorships, were pointed to as /activities 
which could lead to greater coopjeratlon between uni- 
versity and Industry researchers, but~thelr role In the 
actual development of such programs was/difTicult to 
evaluate. One mechanism, the cocktail party, was re- 
peatedly mentioned as having established personal 
contacts which lead to research interactions. 

Several universities said they held special con-, 
ferences about half of them sponsored by industry, to 
attract more formal Industrial support /in a specific 
area. MIT recently organized a Chemical Sciences 
Industry Torum to promote increased communication 
between the parties. Ten companies are sponsoring 
this activity. ' j 

Many said the advisory councils typically associ- 
ated with engineering and agricultut^al schools and 
institutes of technology are useful in providing Infor- 
mation about current industrial concerns, and allow- 
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iny industrial input on research directions and curri- 
culuni (Icvclopnient. The councils can also help in the 
soIicitiUion ol (unds from the legislatures and/or get- 
tiny cqui[)incnt ior the university. However, most could 
not document large industrial grants or contracts aris- 
ing out ol industrial participation on these councils. 
Such things are difficult to document, but at least one 
instar.ce can l^e cited where an advisory council im- 
proved university/industry research interaction. 

The < hciiiistiy dcpiirtnicnt at the University of 
Caliloiiiia. ^aii Diego, cstciblishcd a formal Indus- 
Iriiil advisory coniniittcc in 1977, because the fac- 
ulty rea)gni/(:d (ho Isolation o( the department from 
industiy. In r . lon, the department hired a person 
to develof) iuclu^jtrial relations. As a result of these 
tictivities, they increased their industrial funding by 
over 50*/o. Communications dcv loped between the 
department and industry, and c.: industrial recruit- 
ing job placement program wa^ cstal:)lishcd. The 
(oordinatud activities of the industj^il liaison ofTlcer 
and advisoiy committee helped sU-T^.ulate tcchnol- 
oc\>' transier. The department was ab* ^) forge ties 
with from 36 to 48 research-oriented cv Mpanies. In 
three years, they established four grae.j,:fc fellow- 
ships sponsored l)y industiy and attrcicted an in- 
dustrially sponsored faculty Development Award. 

hi a case mentioned previously the advisory 
committee of a public utiiversity's electrical engi- 
neering department anticipated a crisis situation in 
manpower for the 1980's. They were able to attract 
equif^iiKMit gifts aiid research suppoil for the depart- 
ment from industr}' (see Chapter IX, p. 69). 

A recent development arising from the surge of 
new I^ioengineering firms is that university molecular 
biologists and geneticists are being asKed to partici- 
pate on the teclinical science advisory boards of these 
compcniies. We sensed that a majority of these scien- 
tists at major research universities in this field had 
already made a commitment to participate on such 
boards. 

One [)lant molecular biolo(;ist had recently 
been asked by 9 to 10 companies to be on their 
'.cchnical advisoiy boards. The investigator finally 
decided to sit on one board beaiuse the company 
was receptive to his advice to support activities of 
interest to him but beyond his own available lime or 
(unds. According to this investic^ator, a desirable 
outcome of his participation on the board would be 
unrestricted funds for tlie support of post-doctoral 
researchers and graduate students. 

Utiiversity biochemist and organic chemist 
participation on corporate boards has a long history at 
drug companies. Several other large research com- 
panies, especially in the electronics field, also said they 
had scientific advisory boards composed of university 
scientists. These boards help ensure that they do not 
lose sight of new directions, and that they keep up 
standards of excellence in their research programs. 

Tor example, one telecommunication company 
has a scientists advisory board of 12 top level aca- 
demic principal investigators who visit two times a 
year. These professors are on a retainer (they arc 



paid on a yearly basis). Twice a year, industrial sci- 
entists present their research results and new l esearch 
directions. The ol:>ject is to keep the company scien- 
tists on tracl;, make them aware of pitfalls, and keep 
th *m apprised of new research developments which 
may affect their work. 

Technical advisory boards composed of industrial 
scientists, fortned to address specific university re- 
search programs, are less frequent, but a few large 
research projects were reported to have industrial 
steering groups. In some cases, the companies also 
fund the research, and in others, they serve mainly as 
advisors and critiquers of the faculty research. 



3. Adjunct [Professorships 

Adjunct professorships can provide a solid base 
for continuing knowledge transfer between universities 
and companies. Many research departments said they 
had at least one or two adjunct professors in their 
departments. Drug companies supplied a large num- 
ber of adjunct professors to many universities, and to 
a lesser extent, chemical companies provided person- 
nel for professorships (see Chapter VIII). In the Re- 
search Triangle area, one drug company supplies over 
27 adjunct professors, or ^.)art-time professors, to sur- 
rounding universities. In many cases, especially where 
the professional is an adjunct professor at a major 
research university and from a major company the 
company pays his salary and donates his* time to the 
university. 

Within engineering schools, adjunct professor- 
ships are increasing because of the faculty shortage 
and influx of students. However, these professors 
usually just teach and do not participate in researcli. 
There are exceptions. 

In one case, half of the departmental faculty 
were adjunct [)rofessors, and most participated in 
research prograiTis. This same university main- 
taineci a practice of hiring retired liigh level execu- 
tives from local compatiies oti a part-time basis. 
[Soth of these factors were itnporlant to develop- 
ing the sensitivity of this school's scientists to indus- 
trial needs, and in fosteritig the: establishment of 
several large and successful university/industry 
cooperative ventures. 

Many company scientists expressed a desire to 
hold adjunct professorships. The opinion was expressed 
frequently that universities should be more open to 
appointing scientists from industry as adjunct pro- 
fessors. A university policy of severely limiting adjunct 
professorships could be a barrier to university/indus- 
try research coo[:)eration. One private university having 
strict rules regarding adjunct f:)rofessors had a history 
over the past decade of infrequent university/industry 
cooperative research interactions and lower than 
average industrially sponsored research [urograms 
based on percent of total research expenditures. 
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^. ConsuUimi 

The ( l iliciil ck*ttuMU in inilialion of cooperative 
.niiwisity iiulusliv irsi^nch pronmnis in over 34% of 
ihc Crises where this cjucslion wds asked directly was 
[lie c.oiisiiltiiiq practice of those wlio developed tiie 
[)i()cuciiiis. usually the program director and active 
pcn licipaiits ( ral)le 5 p. 19). Prior relationships which 
liiniiiently involved some degree of consulting were 
iniporlant factors in 76% of these cases. hiter\'iewees 
speciliccilly mentioned consjiling as bc'mQ important 
in about 20% of the total number of interactions 
rexiewed (Table 4, p. i9). The relationship between 
consulting and an awareness of industrial interests is 
further underscored in a recent study by Roberts ^nd 
Peters (1981) at MIT. They found that profei->so:s 
reporting commercial ideas were much more likely to 
l)e involved in consulting with business or government 
than were those who d'd iiot report ideas. 

Consulting policy utilized by the universities inter- 
\iewed. present a wide variety of attitudes and objec- 
tives (See rat)le 25). Objectives in fostering consulting 
can vaiy from providing professors with a mechanism 
to supplement their income, to providing a conduit for 
bringing industry research projects to the university, 
to maintaining a communications network between 
the university and industiy. Perhaps most critical is the 
aim of providing for increased ability to expose and 
guide students to career paths within industry. Thus 
consulting can relate to the fundamental objectives of 
the university "^or both education and research. 

Some schools have special programs to promote 
consulting activity l:>y the faculty and others have a 
hands-off attitude, and still others frown upon consult- 
ing iis interfering witlj faculty teaching and research 
responsibilities, without crediting any positive relation- 
ship to these functions. Tliose not familiar v/ith indus- 
trial needs and support seein not to recognize its real 
importance in establisliing links necessary to develop- 
ing large and stable industrially supported programs. 

Many believe a degree of university guidance is 
iiecessaiy. This occurs both through encouraging uni- 
\ersity scientists to find proper projects,' as well as 
estal)iishing a policy on the permitted frequency of 
consulting. 

Sexeral department chairmen were concerned about 
the types of projects a professor \ooK on through his 
consulting activities. They did not believe that it was in 
the l:>est inteiests of the university to have the pro- 
lessors time taken up with problem-solving not related, 
or periphei. ll to the professional development of the 
fac ulty member. 

The most common policy on consulting frequericy, 
found in 62% of the schools with available informa- 
tion, is to permit one day [^er week consulting. Two 
public universities had a policy of allowitig two days 
per nionlli, and one private university said that their 
policy was 13 days a quarter (Table 25.) In some uni- 
versities, the policy varied on a school-t:)y-school basis. 



Most scientists said professors rarely added more than 
$10,000 to their salaries througli consulting activities. 
Most schools, especially the private schools, are quite 
informal about their requirements for reporting on fac- 
ulty co!isulting. Typically, they are only interested in 
the frequeiicy and not the !7ionetary reward. Reporting 
consulting activity is usually voluntary', except at a few 
state universities. Of the schools providing this infor- 
mation, only 56% had formal reporting procedures. 
These were infrequently rigorously enforced. 

Most of the schools interviewed did not discuss 
the fee structure for consulting, however, of those who 
did, the daily fee ranged from 0.6% to 2% of the aca- 
demic year salary. The total annual coiiipensation per- 
mitted ranged from $8-15,000. A formal reporting pro- 
cedure was the only means of enforcing the guidelines. 

Thus it is not surprising that concrete data on 
♦he level of consulting at universities is particularly dif- 
Hcult to obtain. Pio one interviewed felt that these privi- 
leges were being extensively abused, and most stated 
that o!ily 10% or less of their faculty consulted at the 
maximal allowable rates. The results of our field study 
are consistent with a 1965 study of the University of 
California, indicating that only 30% of tlieir faculty, 
primarily in medicine, engineering and social science, 
had some consulting activities during that year, and a 
1973 report by the American Council on Education, 
which found 48% of university and college professors 
performed some sort of consulting service (Perry 
1965; Baer, 1973). 

The popularity of consulting can be associated 
with certain academic fields. It was frequently stated 
that consulting in business schools is at a much higher 
level than in either engineering or science schools or 
departtnents. In the technical units of a university, con- 
sulting activity is most prevalent in the engineering 
departments due to the applied nature of that disci- 
pline. In engineering schools, especially where ties 
witii industry' are already in place, consulting activities 
may even be taken into consideration at the time of 
promotion, all else being equal. In these schools, there 
is frequently a general feeling tliat one's excellence as 
an engineer is somewhat substantiated by his demand 
as a consultant. One engineering professor stated that 
if a professor did not have extensive consulting activi- 
ties, he was suspect because he was not then cogni- 
zant of real-world pronlems. 

All company representatives interviewed said they 
make use of university consultants. Most hic]h technol- 
ogy companies, especially chemical and drug com- 
panies, have rosters (some are computerized) of uni- 
versity consultants they have used in the past or are 
using presently. During any one year, tlie larger com- 
panies (havingsales of over $150 million) are not likely 
to use more than 125 university consultants. Rep, - 
sentatives for several of the companies in our sample 
said that on the average they spent about one half 
million dollars annually on academic consultants to 
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Table 25 

Consulting Policy and Activity as Reported in Interviews During NYU Field Study 







Consulting 




University 


/J/ of Days 


Use/Abuse 


Formal/Informal 


Compensation 


Carnegie Mellon 


1 day/week 


1 instance of abuse 


informal 


N.A. 


Case Western 


N.A. 


encouraged as part of 


informal 


N.A. 






industrial liaison program 






Clemson 


2 days/month 


average use 9-10 days/ 


N.A. 


N.A. 






year, pressure for less 




N.A. 


Colorado State 


infrequent except tor 


no abuse 


formal 




Business School 








Colorado School of 










Mines 


infrequent 


N.A. 


reporting not pushed 


N.A. 


Johns Hopkins 


1 day/week 


through liaison 


decentralized 


N.A. 






programs 




through liaison programs 


Lehigh 


1 day/week 


through liaison 


formal 






programs 




N.A. 


Pennsylvania S *e 


1 day/week 


spin-off companies 


formal 


Purdue 


variable 


N.A. 


informal 


N.A. 


Rensselaer 


N.A. 


N.A. 


N.A. 


N.A. 


Rice 


1 day/week 


through REDDI 


formal 


through REDDI up to 1.5% 






of academic salary per day 


University of Arizona 


N.A. 


Env. Res. Lab — no con- 


N.A. 


N.A. 






sulting in area of research 










otherwise institutional 










consulting 






University of Chicago 


variable 


N.A. 


informal 


N.A. 


University of Illinois 


1 day/week 2 days/ 


N.A. 


formal 


N.A. 




month Chemical School 








University of Maryland 


N.A. 


N.A. 


N.A. 


N.A. 


University of North 








N.A. 


Carolina. Chapel Hill 


variable 


often initiated through 


formal 






recruiters 






University of North 








N.A. 


Carolina. Raleigh 


N.A. 


university first allegiance 


formal 


University of Utah 


2 days/month 


no abuse 


N.A. 


N.A. 


University of Washington 


1 day/week Dept. of 


heavy use by engineer- 


informal 


N.A. 




Oceanography 


ing, "abuses in one dept." 






University of Wisconsin. 








N.A. 


Madison 


N.A. 


important in engineering 


N.A. 


Washington University 


most do less than 1 day/ 


through Wash. U. Tech- 


informal 


annually 10-15% of salary 


week 


nology Association 




N.A. 


University of Houston 


1 day/month • ^omistry 


abuse noted in one unit. 


formal 




Consulting in Public Pol- 










icy led to research 






University of Michigan 


N.A. 


Inst. Soc. Res. faculty not 


decentralized 


5°b monlnly salary/day 




permitted to consult. 






• 




permanent relationships 










have developed 






University of Delaware 


N.A. 


N.A. 


formal 


N.A. 


Georgia Tech 


permit 1 day/week 


institutional consulting 


formal 


N.A. 


1 day/month average 


50% of engrg. fac. consult. 




allow S8-10K annually 


Duke 


N.A. 


some consult through 


formal 






Mercury Res. Fund 






University of Minnesota 


1 day/week 


encouraged by Hydraulic 


informal 


N.A. 




Lab. One Instance of 










potential abuse. 






Louisiana State 


1 day/week average 1 


Potential abuse in two 


formal-Business Sch.- 


N.A. 




day/2 weeks 


units. 


informal 


N.A. 


Stanford 


13 days/quarter 


seek awareness of real 


N.A. 






world problems 






University of Texas. 








usually $2-3K/year 


Austin 


1 day/week 


25% of faculty 


formal 


University of California. 








N.A. 


San Diego 


1 day/week unwritten 


small amount due to 


no central reporting 


norm 


geography 


system but annual state- 










ments required 




University of Rochester 


N.A. 


N.A. 


N.A. 


N.A. 


University of Southern 








N.A. 


California 


N.A. 


N.A. 


N.A. 


Cal Tech 


infrequent a few do 1 


through Ind. Liaison 


Informal 


none for faculty in Ind. 




day/week. Contradictory 


Program 




Liaison Program 



information. 
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Table 25— Continued 
Consulting Policy and Activity as Reported In Interviews Durlnr • . Study 



University 



Harvard 
Princeton 



UCLA 
MIT 



Yale 



^ of Days 



1 day/week 
1 day/week 



1 day/week 
1 day/week 



1 day/week 



Consulting 



Use/Abuse 



Formal/Info? 



N A. 

about 80% of faculty 
involved-same 80% who 
do research. 
N.A. 

Eng. Dept.-group incorp. 
themselves as consults. 
& hired someone to run 
the company, 
none 



N.A. 
N.A. 



N.A. 

must report consulting 
arrangements, days 
involved, client. 

Informal 



Compensation 



where from S8 per hr. 
to oSOOO per day 



N.A. 



Note— N.A. = not available 



their company. This suggests that on the average, by 
consulting for one company, a professor could add 
$5,000 to his annual salary. 

Industrial scientists and administrators said they 
usually initiated Interactions with consultants. The pri- 
maty means leading them to consultants were perusal 
of the scientific literature, recommendations of their 
professional staff, which in many cases led them to 
former professors or employees, participation in work- 
sfiops, seminars and conferences, and through com- 
pany recruiters at universities. 

Several universities have set up mechanisms to 
generate consulting opportunities efTiciently for their 
faculty. 

At Kicc University, an engineering design and 
development institute (KKDDl) was established as 
an internal applied rcscarcfi institute. KKDDI brougfit 
consulting onto the campus. It established the fre- 
quency of consulting permitted, fee standards and 
other reporting inforniation. REDD! policy allows 
student involvement in all projects. Proprietary 
rights and publishing agreements arc negotiated 
through this Institute. VVIiilc projects may be under- 
taken on a confidential and proprietary basis, the 
pul)lication of scholarly works, where appropriate, 
is encouraged. 

Companies come to the Institute with their 
problems and the Institute seeks opportunities for 
faculty participation. Faculty may charge a profes- 
sional fee up to a. maximum of 1.5% of their aca- 
demic year salary per day. The Institute charges a 
7"/o surcharge on the salary consulting agreements. 
Part of this surcharge is given to the University's 
general operating budget, and the rest is used to 
operate the Institute. This arrangement provides 
additional support money, support groups and 
equipment. 

At Washington University, St. Louis, a similar 
procjrani is being established, VVashingtoti Univer- 
sity Technology Association (WUTA). Its goals sim- 
ilar to the above-cited example, are to supplement 
the salaries of engineering faculty and to formalize 
faculty consulting research activities in applied 
engineering research. WUTA is somewhat different 
than chr former Institute in that WUTA is a for-profit 
corporation. 



University liaison programs often provide oppor- 
tunities for consulting. At times, these programs direct 
industry to faculty, helping to establish consulting 
arrc . ,gements. At other times, consultancies provide 
the impetus for a company to establish an ongoing 
relationship with the university by joining the liaison 
program. Liaison programs which have, as a part of 
their services, trips of the faculty to company sites and 
also actively encourage company representatives com- 
ing to campus, are paiticularly good programs for fos- 
tering the initiation of consultancies. In most liaison 
programs, there is a consensus about what constitutes 
an informal discussion between a faculty member and 
company representative, and what constitutes a formal 
consulting arrangement. A first half-day visit between 
a company representative and industry scientist is 
usually regarded as a service of the program. When 
there is any longer degree of interaction, the company 
and the professor are encouraged to enter into a con- 
sulting arrangement or agreement. 

A number of universities have established central- 
ized listing of all research interests and activities by 
faculty. Thus industrial firms may come to the univer- 
sity with a particular problem and see immediately if 
the university has people with the required capabili- 
ties. This referencing system may be used for contract 
v/ork as well. 

An important issue related to consulting activi- 
ties is to determine when do such activities create a 
conflict of interest (see Chapter X, p. 113). As men- 
tioned earlier, faculty must maintain a balance t>etween 
their outside consulting activity and Ineir university 
obligation to teaching and/or research. Frequently, 
attempts are made to combine these activities by uti- 
lizing students to assist the consulting projects as at 
the engineering and design development institute. 

A second issue involves the use of university facil- 
ities for outside consulting. Here again, the univer- 
sity policies vary widely. Allowing the use of facilities 
serves as a drawing card for many companies, and 
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thereby Increases university/industry interactions. On 
the other hand, this might bring the university Into 
direct competition with small consulting and labora- 
tory businesses. This Is a special concern at state 
universities. 

A third issue concerns the attempts by one com- 
pany, in the view of a university administrator, to 
monopolize a university's faculty In a particular area. 
A striiung example is the actions at one midwestern 
state university, of a company putting the university's 
top foiir molecular geneticists on retainer, which In the 
view of some has resulted iti cutting ofT others from 
utilizing their knowledge and advances. Through pro- 
prietary restrictions, this could cut off not only other 
compa!iies from these scientists' work, but also the 
students of the unive»--|ty. 

IS- Institutional Programs 

These mechanisms of knowledge transfer are 
defined as formal programs designed to contribute 
primarily lo information excliange between universi- 
ties and Industry'. Frequently, tliey serve as a broad- 
l)ased information exchange providing a window on 
new scientilic and technical developments. 

1. Institutiotml Consulting 

Institutional consulting was described as a mech- 
anism of university,/lndustry research Interaction at 
only four universities of the 39 visited by the research 
team. Only in two instances was there a formal Institu- 
tional consulting program. In each of these cases, the 
program involved a faculty member and a group of stu- 
dents who worked on an industrial problem. In both 
cases, the problem-solving was done at the company 
site. Both of these cases can be characterized as an 
educational program to acquaint students with real- 
world problems, rather than as a research program. 

An example is a program conducted at Yale 
University. In, 1973-74, graduate students at that 
institution's chemistry department participated in a 
novel student consulting team approach to basic 
research problem-solving. Engineers at Texaco's 
Research Center at Beacon, Mew York, identified 
problems of interest to the corporation which the 
student team analyzed. Although the program was 
devised more as a training exercise for the young 
chemists, the interchange sparked more systematic 
contact than is ordinarily generated by many faculty 
consultations. Researchers at both ends of the uni- 
versity/industry spectrum gained knowledge of the 
other's research capabilities and expertise. 

Still another program which has generated a 
long-tenn cotisultative relationship is the MIT School 
o( Chemical Engineering Practice, established in 
1916, which operates two "Practice Schools"— one 
£it Oenercil Electrics plastics and silicon production 
facilities at Albany, Hew York, and the other at Oak 
Kidge national Eal)oratory (operated under contract 
to the U.S. Department of Energy by Union Carbide's 
nuclear Division). This school integrates classroom 
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experience and practical work by providing MIT siu- 
denis wiih a four-month, intensive industrial re- 
search-oriented internship away from the university, 
but under the direct supervision of MIT faculty 
members. The curriculum is based on Key industrial 
problems. The host company benefits from the fre- 
quent consultation efforts of visiting MIT faculty and 
its recruiting efforts are facilitated by the presence 
of students at the company. The Practice School 
operates much as a small consulting company, with 
student groups working intimately with host plant 
staff in solving problems. The resident faculty en- 
sures that assignments are of significant educa- 
tional l^enefil to each student and that assignments 
result in a major contribution to the plant opera- 
tion and/or to the understanding of a phenomenon 
of professional significance. 

2. Genera/ Industrial Associates Programs 

There is a growing feeling that institutional gen- 
eral purpose industrial associates programs are not 
beneficial to either university or industry partners in 
research. At least five schools visited by the research 
team nientioned that they had initiated general indus- 
trial associates programs within the last ten years that 
had failed. Most company representatives were not 
enthusiastic about general industrial associates pro- 
grams, although they usually belong to one or two pro- 
grams of that nature. 

The reason generally given Tor this dissatisfaction 
is that they are too broad and general, so they do not 
attract attention and commitment. General industrial 
associates programs are not designed to foster or to 
fund collaborative research. They offer loose support 
and links to several elements of industrial interests 
in the production of curricula, students and research. 
Universities usually organize these programs as a 
means of obtaining unrestricted funds from industry. 
Unrestricted funds, as stated previously, are extremely 
important to university scientists and administrators. 
Frequently, the money is used for the support of grad- 
uate students. At least one new large general indus- 
trial associates program is being initiated solely for 
this purpose. 

At least 31 of the 71 industrial associates pro- 
grams documented in this study can be characterized 
as general industrial associates programs. Eight of these 
were campus-wide programs. The largest campus-wide 
program had 265 member companies and generates 
over $4 million for the university. 

Two private schools have had very successf'il gen- 
eral purpose industrial associates programs for over 
30 years. However, the point was made several times 
tliat these schools are already focused and therefore 
the general purpose industrial liaison program works. 

The membcrsliip fee for a general industrial asi.o- 
ciates program is usually about $20-30,000. However, 
tliere are some programs which cost considerably less, 
from $1,000-5,000. Consequently, the services pro- 
vided to industry are also considerably less. However, 
one engineering industrial associates program, at a 

101 



public university charged only $5,000 in fees, and the 
school was still able to provide what several company 
rcprescnliilivos chtinu.lcrizecl £is one of the best annual 
irv.lustricil cissociatcs syniposiii tliey had attended. 

A dilemma expressed by many university adminis- 
trators was whether or not to keep industrial associate 
meitibership fees sufficiently low so smaller com- 
panies could join, or to charge more and have fewer 
company members and a more elaborate program. 
Several schools are experimenting with fees based on 
a percent of sales, or at least with a differentiated fee 
structure for small and large companies. 

Schools with successful industrial associates pro- 
grams generate from one to four million dollars annually 
through these programs. Less successful schools gen- 
erate approximately $100,000-200,000 in their liaison 
programs. Each of the successful schools has active 
and energetic liaison representatives (the smaller 
school has two to three, and the larger, fifteen) who 
run the program. The job of the liaison officer is to 
arrange programs and facilitate linking the professor 
and the company. A liaison officer is usually an indus- 
trially experienced graduate engineer. Each liaison 
officer is assigned a group of member companies for 
which he/she is responsible. Each officer is also as- 
signed the responsibility for monitoring the activities 
of several departments, laboratories and centers at the 
university. The officers visit key company personnel to 
ascertain their interests and needs, alert the company 
to research patents anc educational opportunities, 
and arrange host visits of company personnel to the 
campus. 

If the program is to be successful, the officer also 
frequently visits with faculty to ascertain their research 
needs, alert them to industrial research needs and op- 
portunities, and arranges faculty contacts with mem- 
ber companies on campus by telephone or by travel to 
compatiy sites. In addition, the officer provides for 
discussions between company representatives and 
faculty. The seivice provided to industry also includes 
sending member companies a directory of current 
research, making available important university publi- 
cations and reports, and giving short courses, sym- 
posia and seminars. 

A general industrial liaison program is particularly 
useful to a company when it is interested in obtaining 
a technical overview of a new area. Schools with large 
and diversified research programs are usually the only 
institutions that can provide in-depth, broad spectrum 
ovemews in a sufficient number of areas to make it 
worthwhile for the companies to pay high membership 
fees. Companies who regarded a particular industrial 
liaison program to be useful understood that they 
must make active use of the program and attend sem- 
inars and symposia on the campus. Many companies 
supporting such programs recognize that they are 
really giving support to general technical excellence. 
A company is usually dissatisfied with such a program 
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if it expects to get something ver>' specific for its mem- 
bership fees. 

C. University/Industry Research Cooperation 
and Education 

Education is the central activity of universities and 
thus industry support for research is inextricably 
related in many ways to that educational mission. 
Some of the more central relationships of education 
to university/industry/ research cooperation involved 
the following: 

1. Universities Serve as the Source of Flew Science 
and Eingineering Graduates for Industry: relloiv- 
ships, hiternships, University/hidustry 
Cooperative Training Programs. 

The most prevalent motivation for industry coop- 
eration with university is based on the need for quali- 
fied science and engineering graduates. This need 
exists not only for Fh.D.s, but also at the baccalaureate 
level where the numbers required are much greater. In 
times of economic decline and at times when there is a 
personnel oversupply, these interactions become crit- 
ical for the student as a guide to make contacts and to 
help direct their job-seeking. 

Graduate students. The personal relationships 
established between industry researchers and univer- 
sity faculty help provide one path of access to grad- 
uate students as potential employees. The research 
relationship can provide industry researchers direct 
contact with graduate students, especially those at the 
doctoral level, since these stud' nts typically are in- 
volved in carrying out sponsored research. From the 
perspective of the university, industry support of grad- 
uate research assistants is most welcome. Graduate 
assistants generally become familiar with research 
problems of interest to the industrial sponsor, espe- 
cially if they are working on contract research. The 
students, in turn, can be evaluated as potential em- 
ployees of the sponsor. Therefore, it is not at all unusual 
for a graduate student working on an industry spon- 
sored research project to work for the sponsor upon 
graduation. Miring such graduates offers great advan- 
tage to industry, since costs of recruiting, and initial 
on-the-job learning are reduced, if not eliminated. 
Moreover, the employer has already had an opportu- 
nity to evaluate the performance and capabilities of 
the new graduate, thereby increasing the likelihood of 
hiring individuals who will pursue successful careers 
in the company. Thus, industry support of graduate 
research assistants is perceived as cost effective, not 
only for its own sake, but also for its recruiting potential. 

Undergraduate students. Whereas the contact 
established with graduate students is often a direct 
outcome of research interaction, such is not generally 
the case with undergraduate students. However, indus- 
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tr>' has a continuing concern with the need for upgrad- 
ing atid updating university curricula so that the grad- 
uates arc prcpcircd to utilize the latest scientific and 
technical knowledge. Such upgrading and updating 
typically enhance the research capabilities of the uni- 
versity. This is accomplished through mechanisms 
such as equipment grants and personnel exchange. 
Upgrading the training and education of students can 
involve the loan of experts by industry to a university 
on a short-term basis to acquaint faculty and students 
with recent technical advances. 

A case in point is the aerospace industry' which 
perceived that new engineering graduates were not 
keeping up \\/ith G\D/G\M tcchnolocjy, and proceeded 
to develop a university program on the undergrad- 
uate and graduate level. This program was devel- 
oped primarily through the initiative and coopera- 
tion of several aerospace firms who sent industry 
personnel to work at the university, donated appro- 
priate hardware and software, organized the semi- 
ritirs, established fellowships and even endowed a 
university chair at the University of California, !.os 
Angeles. This program also involves faculty and 
(graduate students on research projects, thereby 
enhancing the research capability of the university 
in a new emerging technology. 

In another case, a private university used its 
endowment funds and rSSF seed money to rebuild 
their instructional laboratories and also build a re- 
search center whicti subsequenliy attracted a large 
amount of industrially supported research. Thus, 
from tiavingan original purpose of developing their 
undergraduate curriculum, the university ended up 
at the leading edge of technology with a highly suc- 
cessful, industrially supported research program. 

In a recent initiative, two new biotechnology 
companies and a public university are developincj a 
ccrtiflcrUe program (BS and MS degrees) in applied 
molecular biology. The companies involved will sup- 
port a scholarship for a si; dent in the program and/ 
or help support seminar speakers connected \sAih the 
proqram. They will also have company staiT present 
occasional lectures or demonstrations. Some stu- 
dents may serve as interns at the company. In the 
long term, they tiope that joint research projects 
wilf develop out of this program. 

MinorUy students. Another reason for industry's sup- 
port to a university is to increase the representation of 
tninority graduates in science and engineering. Such 
industry' programs have concentrated on selected uni- 
versities with large minority student bodies. Some pro- 
grams have extended to the graduate level and have 
transferred high technology capabilities from industry 
to those universities. This has resulted in enhancing 
the research capabilities of selected institutions. In 
some instances, federal government support has been 
instrumental in developing comprehensive plans of 
this type. However, industry initiative has typically pre- 
ceded government support of such programs. 

An example of such an initiative is given by 
the efforts of an aerospace company's corporate 
research laboratory in establishing solid state elec- 
Ironies research capabilities at two eastern minority 



institutions. For three-and-a-half years beginning 
in 1976, the company invested over $800,000 in 
capital equipment and research program sponsor- 
ships as well as approximately $400,000 of indirect 
support through services provided to the two uni- 
versities by the company science center and univer- 
sity personnel from a highly respect id engineer- 
ing school. As a result of the advanced capabilities 
established at both universities, they were able to 
obtain over $1.5 million in solid state electronics 
research grants with almosi a third of the funding 
from riASA. These research capabilities were inextri- 
cably related to the establishing of a Ph.D. program 
in electrical engineering at one university, and a 
strong masters degree curriculum at the other. One 
of the two universities is now a member of a consor- 
tium of universities and several companies which is 
developing the Micro-Electronics Center of Piorth 
Carolina. 

2. Doctoral Graduates of Science and Engineering 
Curricula Initiate University/Industry Research 
Cooperation: Alumni Initiation of Research 
Interactions 

In some cases, doctoral graduates who are em- 
ployed in industry may serve as key links in initiating 
cooperative research efforts with their former univer- 
sity. The familiarity of these graduates with the capa- 
bilities and interests of their form^^r professors and 
with the needs of their employers makes them highly 
desirable as initiators of university/industry research 
collaboration. It is not uncommon for a former grad- 
uate student to call his major professor and propose a 
joint research effort. 

One professor of chemical engineering attrib- 
uted his large amount of industrial support directly 
to his former graduate sUidents. These were his per- 
sonal contacts. 

In another instance, a former student was so 
intent on having the professor work on his com- 
pany's problem that he wrote the proposal for the 
professor. 

Many company representatives said they frequently 
identified their consultants through an employee's 
recommendation of his former professor. 

3. Continuing Education is Utilized to Initiate and 
Reinforce Research Collaboration: Short Courses, 
rersonal Contacts 

The use of continuing education programs by 
universities rias occasionally served to stimulate inter- 
est by industry in collaborative research participation. 
By means of short courses, seminars or workshops, 
industry participants are introduced to the university's 
capabilities and new areas of science and technology. 

This approach has been utilized by one professor 
to obtain industry sponsorship for a highly success- 
ful research program focusing on new technology 
for the petroleum industry. Possible industry spon- 
sors were invited to participate in short courses at 
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the professor's initiative. Out of the short courses 
aniic wide industry support of his research program. 

Moreover, continuituj education can be utilized to 
nunntiiin ilu: interest ofincJustry in supporting univer- 
sity researcli. Short courses, v^orkshops and seminars 
can be litilized as knowledge transfer mechanisms to 
Keep industry sponsors abreast of the latest develop- 
ments in university programs. Such knowledge trans- 
fer !7ieclianisms are included as a benefit to the con- 
tributors of some industrial associates programs and 
provide feedback for participants in industry spon- 
sored research programs and centers. 

4. Industrif rnwidcs riinds for Graduate 
rcllowships 

Company foundations have long provided general 
fellowsliip support to certain schools and certain 
ck!f)artmcnts. Support for graduate fellowships was 
(\iven by tlie 83 companies reporting such information 
in the Council for Financial Aid to Education (CFAE) 
Case Kook ( 1 1th edition). 

Tor example, a fellow of an aerospace firm at a 
western private university joined the faculty at tlie 
school and became a consultant to tlie aerospace 
firm. As a result of clie consulting relationship, he 
helped develop cooperative research contracts willi 
DAKPA and OMR funding in which the university sub- 
cotitracted to the aerospace company. 

Trade associations also provide general fellow- 
ships to specific technical units of a university. 

A ci\sc in point is a midwestern public univer- 
sity's 75-year program with a midwestern gas asso- 
ciation. This association is subscribed to by all the 
power and gas companies in the state. 

Cases of general fellowships designated to a spe- 
cific technical department were numerous. While this 
Is not support for a specific project, the intent is that 
research will be conducted in a certain area. Many 
Investigators expressed the wish for a greater number 
of such fellowships.They do Tt in with the primary moti- 
vations of Industry, the production of well trained grad- 
uate students. These funds usually are not confining 
in the eyes of the professor. 

An element lacking in general fellowship pro- 
grams Is an interplay in the planning of the research, 
but this does not riecessarily have to be the case. 

In the new intern program at one private univer- 
sity, the target group is people in their late twenties 
or thirties. The intern student and the company 
enter into a formal contract agreement. The com- 
pany agrees tliat: 

( 1 ) their employee can liave a one-year leave of 
absence to go to school; 

(2) the company will provide a person to serve 
on tlie Ph.D. committee- and 

(3) when the person comes hack to the com- 
pany, he/she will have an assignment within which 



to work on a thesis and be able to conduct that work 
as part of the company duties. 

Therefore, industry can siiare in the direction of 
the research project. These types of programs are 
rare. A unique aspect of this program is that it was 
initiated by a university. Such programs, unlike 
cooperative research programs, are most often 
initiated by industry. 

In another case, a Scholars program sponsored 
by a large aerospace and electronics firm at an 
eastern public university was initiated two years ago 
by the chairman of Uie tx)ard of the company in order 
to attract graduate students to systems engineering. 
It is a work/study program where the Scholars are, 
first of all, employees of the company. As such, they 
receive full salary and full employee benefits while 
in the program. There is a fifty-fifty mix between 
existing company employees and those newly re- 
cruited by the company and the university. Sixty 
percent of the Scholar's time is spent working at the 
company's research laboratories. The remaining 
40% of the time is devoted to instruction and re- 
search. Tlie MS degree is earned within two years. 
The goal of the program is for the student to con- 
duct research and write a thesis related to the tech- 
nology interests of the company sponsor. 

The recognition of a shortage of graduate stu- 
dents and faculty In fields such as engineering and 
computer science, due largely to demand within the 
private sector has resulted In an attempt by Industry 
to Increase sponsorship of university fellowship pro- 
grams in these fields. 

One of the most significant of such attempts is 
that by the Exxon Toundatioa which is providing a 
total of $15 mi lion to support one hundred doc- 
toral students at sixty-six colleges for three years, 
and a supplement of $20,000 annually to a hundred 
departments of engineering and allied programs for 
the support of junior faculty to keep tliem from 
being lured away by industry. Clearly, not all univer- 
sities are being assisted, and even some of those 
receiving these awards need more funding to over- 
come the impending crisis in engineering educa- 
tion. It remains to be seen whether attempts such 
as those of this corporation will be effective in at- 
tracting graduate students and faculty to schools of 
engineering and science, and if they can be success- 
ful in fostering research programs more relevant 
to industrial interests. 

Also in an attempt to keep faculty at the univer- 
sities, another petrochemical company is consider- 
ing the establishment of a program which will pro- 
vide a forgiveable loan to a junior faculty member 
who agrees to work for four years in an academic 
position. The loan is for $40,000. Tor each year ijp 
to four years,$10,000 will be taken off the loan while 
the professor stays in an academic position. 

D. Collective Industrial Actions in Support 
of University Research Programs 

The role of trade groups In fostering university/ 
industry research Interactions Is largely an untouched 
subject. Shapero (1979) stated that before World War 
II, most Industrial support of university research was 
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vin tmdc associations. Yet an riYU sui-vcy indicated that 
tiiulo c\r()U[) su[)port and interest in sponsorinc^ tecli- 
ni(<jl iinivcrsltv ii-Si^ncli is rcUitivcly recent. Currently, 
ol tlie 30 trade associations studied, 12 (40%) func}cc\ 
no university research (Table 26). There are about 
7,000 trade groups in the United States, each serving a 
ta»got industry on matters of common concern (i^ational 
rude and Professional Associations of the United States 
and Canada and Labor Unions, 1981 ). We describe the 
total activity of these trade groups and/or industry- 
wide research activity as collective industry support of 
rcscarcli. In order to discuss the ways in which these 
Industiy grou[)S interact with universities in the area of 
technical research, it is convenient to divide them into 
four categories: 

• Trade associations 

• Al(lli<ites of trade associations (mainly founda- 
tions) 

• Independent researcli and K^kD organizations 
al(ili«iti^(l with a university 

• Industrial research consortia. 

Of the 22 industrial sectors covered, 5 did not 
(und tcchniail research on university campuses through 
one of the alxne means. 

1 . Tnulc Assoc'uitions 

A trade association is defined l:>y the American 
Society of Association Executives as 'a non-profit 
organization of busitiess competitors in a single indus- 
tiy, formed to render a numl^er of mutual aid services 
in expanding tliat industr>''s production, sales and em- 
ployment." 

The headquarters of a typical trade association 
functions as a secretariat for a wide range of conimit- 
tees *ind councils wliicli will carry out tlie woik of tlie 
primary operating units, these units are either perma- 
nent or (ornied on an ad hoc basis. Staff people 
responsible for their operation are permanent, while 
committee members, drawn from tlie supporting com- 
panies, volunteer to serve. The organization of a trade 
association is the Key to tracing connections witli uni- 



versity technical researcli. Tlie most common arrange- 
ment consists of operating units created by function. 
These generally cover areas of governmental affairs, 
communications, finance, legal issues and technical 
needs to the industry. A few associations, such as the 
Kubber Manufacturers' Association, are organized 
along product lines, and there is no central research 
budget or committee. Therefore, tlieir interactions with 
university technical researcli are dis[)ersed and the 
overall level of such activity difficult to assess. 

The teclinical unit of a trade association can cover 
a variety of ar eas. It can operate as a central agency for 
gathering, compiling and disseminating statistical 
data on industry-wide economic and market research; 
it can work for the improvement of product and indus- 
try classifications; it can deal with testing and stand- 
ardization of tlie industr>''s products and processes; or 
carry out a combination of these functions. 

Standardization often accounts for much of a 
technical unit's work, and as such, warrants some dis- 
cussion. A standard is a definition of a product or pro- 
cedure in terms of certain features, and standardiza- 
tion is the process of reacliing agreement on the form 
and content of such a definition. Many associations 
work on the development of voluntary standards In 
their field, a practice cliallenged in 1980 t)y the fed- 
eral Trade Commission. Work in standardization typ- 
ically includes literature searclies and collection of 
broad-based industry input on tlie standard under 
review. 

Anotlier aspect involves testing to determine 
whetlier a product or process meets the standard. 
Testing equipment and [procedures are continually 
being im[)roved. Pertinent to the subject of university/ 
industry rescarcli interactions, the testing facilities of 
several trade groups are located on university cam- 
puses. Altliough tlie level of technical research in- 
volved in testing may be low, students arc trained in 
techniques, tlius gaining practical, industrially-oriented 
expertise. 

Only a few of tliose organizations surveyed are 
involved in tecliniail researcli on any significant scale. 
Some exceptions are, the Motor Veliicle Manufacturers' 
Association, tlie American Petroleum Institute, and the 



Table 26 

Three Categories of Trade Groups Surveyed and their Current Funding of University Research' 



Category 




Fund University Research 




Yes 


No 


No Response 




13 


12* 


5 




5 


2 


1 


Independent Research or R&D Organizations 


8 


0 


0 



'Of these, five have no technical research 

'The level of funding has not yet been ascertained in every case, but the fact that they do fund university research to some degree has 
been determined. 
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Anie?»lc^ii <jas Association, all three of which sup- 
pott^^d Vvt^ll-tcqcircied programs as testihed to by inter- 
vicw^--^!S j,i tliis litid study. 

2. Aili(i^]ies of Tnidc Associaiions 

f'or jliosc trc)dc associations serving industries 
wilh hce^v)' t^^^MniCal requirements, a common practice 
is 1(7 ^c:t a separate foundation or corporation which 
acljj in [s^^jrt as its research arm. These afTiiiates qualify 
fort^x^x^riiption under Section 501(c)(3) of the Inter- 
nal (^cv^,iue Scivlce Code. The requirements are that 
tln^y be ^^rganizecl for scientific purposes, that no part 
t>ftl'>^ii' ud earnings go to the benefit of any individual, 
lliiit tjubstiUitial part of their activity consists of 
propnci^jicja, or attempts to influence legislation, and 
Ih^it lli^y pl^iy no part In any political campaign. 

An ^.sample of this type is the Bituminous Coal 
Kcs^^iiic^ii, inc., formed in 19:^-3, as the research arm of 
[\^{^ hA\0n^\ Coal Association (established in 1917). 
Its r^J^^^rcli center has laboratories for equipment 
dcv^lol^jiienl and chemicals research. In 1980, Bitumi- 
noij^^ C^^^H Hesearch, hie, allocated only a very small 
portion to univ^^rsities of its substantial research 
biici^ict, riiis was explained by the steadily declining 
caiT^lMi^ dfovt in coal research over the past 20 years. 
Oi^poit^inities ^rc provided to students to perform 
chc'H'^il researcii in its laboratory. 

3. Inc^ifpendcnt HeS(^,arch and Organizations 
Aff^liiHcil with a University 

A f\,vv' industries are served by independent R&D 
inst'li't^^ which provide a pool of advanced science 
aiiJ ICf^iinology for companies to draw upon. Within 
thi*^ 9>'^^iiP' sorriQ coordinate their research role with 
the U'SpOtisibility to provide a professional and man- 
n(ic;^iiil pase for their industry. 

AS 0 consequence of a dual focus on education 
aiicJ rc^^arcii, this type of organization has success- 
fully ln|-i;grfncd the traditional Interests of industry 
vvitf'" ol the Linivcrsity, often perceived as Incom- 

Tli^re arc three prominent examples of such insti- 
tut(::Hif^ [Uc United States: The Institute of Paper Chem- 
i^^li'>'- ^^\c l^istitute of Qas Technology, and the Textile 
Hv^.^<.'iir^)i IiistiUUe. 

[he fnsiitMtc of f'iiper Chemistrij {\?C) Is an out- 
sia>yjiiu; cxfinipic ofa unique partnership between 
i?Kl ^j{^lr>'and acndemia. AfTillatcd with Lawrence Col- 
lofly. in Wisconsin, the Institute of Paper Chemistry 
\vii^'t:stablish(^cl as an indepenclent, privately sup- 
|)()h^^cl ecjucntiotial institution, devoted to education 
oiK| fcscnrcli in the natural sciences and engineer- 
ing^ )ls fKadcniic programs lead to the MS and Ph.D. 
tli:^,.t:cs. luich student receives a fellowship stipend 
nn^t fiJll tuition fees from the Institute. Upon grad- 
untj,i(t IIk^ students usually take positions in the 
pa^N^^r c\\K\ pulp industry, often in K&D areas. Since 
its ^.fitablislmicnt Hrly years ago, the Institute has 
MU^^i'iculatcd Q38 students. 

EMC 



A special feature of this program is the tech- 
nical and research experience gained in industry 
during the summer term. This experience acquaints 
the student with industrial processes used in dif- 
ferent regions of this country and abroad. 

Support for the Institute is derived from four 
sources: annual dues from United States producers 
of pulp, paper and paperboard; contract research 
performed by the staff on a non-profit basis; scholar- 
ship and fellowship gifts; and miscellaneous sources. 
In 1980, the budget was $10 million. 

The Institute provides the industry with a co- 
operative research facility dedicated to solutions of 
technical and scientific problems of the industry 
through fundamental and applied research of long- 
term Interest, as well through developmental proj- 
ects. Research directions are guided by a Research 
Advisory Committee, made up of nine senior com- 
mittee executives who meet regularly with the Insti- 
tute administration and staff. 

The Textile Fiesearch histitute (TRl) in Prince- 
ton, hew Jersey, had a 1980 budget of $1.3 million. 
It provides tlie textile industry with an independent 
research facility, focusing on fundamental scientific 
principles in the physical and engineering sciences 
concerned with polymers, fibers and textile systems. 
TRI's aim is to carry out basic research without los- 
ing sight of industrial relevance. Guidance for the 
core research program is provided primarily by the 
Research Advisory Committee, composed of 21 
senior managers of textile companies. 

The training aspect of TRI's program centers 
around a cooperative effort between TRl and the 
Department of Chemical Engineering at Princeton 
University. The students awarded TRl fellowships 
undertake thesis research on a fiber or textile- 
related topic. This program involves both students 
and faculty in the TRl effort to serve as a bridge 
between industry and academia, and to orient scien- 
tists and engineers to fiber and textile science and 
technology. In 1980, five research fellows and two 
undergraduate students at Princeton University 
were associated with the Textile Research Institute. 

The sources of revenue come from general sup- 
port and grants, industry supported research, gov- 
ernment supported research, and publications. 

The histitute of Gas Technologij (IQT), affiliated 
with the Illinois Institute of Technology, was set up 
In 1941, modeled on the Institute of Paper Chem- 
istry. It serves American companies Involved in the 
production, distribution and utilization of gas and 
its by-products, and its budget was in excess of $30 
million in 1980. Besides the laboratory, its research 
aipability includes the Energy Development Center, 
which has three production plants. There are about 
100 active projects per year, both in fundamental 
and applied areas. Contract research is routinely 
undertaken. 

The educational programs offered provide grad- 
uate degrees in gas technology. There is also an 
undergraduate option In gas technology available 
to engineering students. Since 1941, IQT has pro- 
duced 25 Ph.D.s, 1 13 masters degrees, and the under- 
graduate option has been taken by 204 students. 

Those interviewed who had participated in a pro- 
gram at one of these Institutes (IPC, TRl, IQT) felt that 
their interactions had l:>cen professionally valuable. 



10^ 



However, in several Instances, a question was raised 
concerning the impact upon the host university. One 
professor stcitcci tliat tlicre was absolutely no impact 
on the host imivcrsit>' research program. The research 
capabilities of such institutes are constrained to some 
extent by their constituencies. As science moves in 
new directions, these institutes find it difficult to 
respond. One company representative stated that his 
firni had decided not to renew their institute member- 
ship because they had to invest their limited funds 
elsewhere to gain expertise and access to new devel- 
opments in biotechnology. Presumably this is an issue 
currently challenging the major institutes mentioned. 

4. Industrial Research Consortia 

Several other independent industrial sector R&D 
organizations can be characterized as industrial re- 
scarcli consortia funding university research. One 
example described below is the Council for Tobacco 
Research. Two others, the Qas Research Institute and 
the Electric Power Research Institue (EPRI) are described 
in Chapter VIII. Another example, and a new initiative, 
the Council for Chemical Research was described in 
this Chapter (pp. 81-82) under the heading coopera- 
tive research because it is established through the 
actions of both university and industrial scientists. 

The Council for Tobacco Research Is an inde- 
pendent organization drawing its financial support 
from dues of Its member companies, representing 
tobacco growers, manufacturers and wareliousers. 
Altliough It does research of ultimate use to ihc 
industry. It docs not contract work for the Industry, 
rio research Involving tobacco itself Is done, nor 
does it have any product testing capabilities. 

The 1980 budget was $6.5 million, of which $6 
million was given to faculty at university medical 
schools. Its research emphasis is on etiology or 
pathogenesis of non-germ diseases such as cancer, 
emphysema and cardiovascular ailments. The work 
is carried out principally through universities. Plo 
work Is supported on treatments or cures. 

There is a continuous planning process for 
determining Its research program. This begins typi- 
cally with contract from someone seeking to apply 
for support. A proposal for a three-year study is sub- 
mitted and screened by a Council Executive Com- 
mittee for relevance. If positive, a formal proposal 
Is requested. These are assigned to the proper sub- 
committee for the Scientific Advisory Board. Pro- 
posals selected are reviewed over a four-day period 
at an annual meeting of the nine-member Scientific 
Advisory Board. The staff determines the appro- 
priate level of budget allocations and proposals are 
awarded within these limits. A visiting committee 
from the Council follows the work in progress, and 
the results arc published In the open literature. A 
researcher Is typically awarded one or two renewals. 

The researchers used to be chosen from the 
ranks of those promising scientists without suffi- 
cient credentials to obtain support from large fund- 
ing agencies. With the cutback In government re- 
search support, however, those applying are apt to 
be established researchers. 



Several other industries (e.g., the mining and min- 
erals industry, the semiconductor industry) are review- 
ing the possibilities for collective industrial support of 
basic research. All view academic research as an inte- 
gral part of any collective industrial action. 



TECmOLOQY TRAnSfER 

Programs structured with a view to capi- 
talizing on university research or integrating 
technological resui^^s of university research 
into private sector programs or commercial 
products can be characterized as technology 
transfer mechanisms. (See Chapter V, p. 18.) 

Such programs are designed to: 

( 1 ) address specific research problems of 
a company, or 

(2) give technical assistance to compa- 
nies in need of developing new pro- 
duct lines, or 

(3) provide technical assistance in the de- 
velopment of a totally new business, or 
help entrepreneurs initiate their own 
high technology companies, or 

(5) provide technology brokerage and li- 
censing services. 

A. Product Developn.2nt and Modification Programs 

1. Extension Services 

The extension serx^ice programs point to the fact 
that the current interest in policies dealing with univer- 
sity/industry interactions is only the latest manifesta- 
tion of a recurring theme in the United States. The 
Morrill Act of 1862 establishing land grant colleges 
was intended to develop and relate higher education 
to industrial economic performance. This act provided 
the mechanism for the establishment of agricultural 
extension and engineering extension at many state 
universities. The first engineering experiment station 
(E;ES) was established by the University of Illinois in 
1903. The Illinois EES was to do for industry what the 
agricultural experiment stations did for farmers. There 
was a concerted drive to get federal support for univer- 
sity based engineering experiment stations that built 
to a peak in 1916 when it failed in Congress. By 1937, 
38 engineering experiment stations had been estab- 
lished at land grant colleges using university and state 
funds. 

Extension services are essentially used as a means 
of bringing technical assistance to small companies or 
helping industry develop in a rural area. They consti- 
tute a service rather than a mechanism to facilitate 
cooperative research. However, they do establish a net- 
work of industrial contacts and make the universities 
who participate more sensitive to industrial needs. 
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2. Innoviiiion Centers 

At innovation centers, emphasis is on the process 
by which innovaticn occurs and entrepreneurial activi- 
ties are stimulated. Innovation centers are a means of 
helping entrepreneurs to develop their skills through 
prototypes to the point where they can start their own 
company. (See Chapter VI 1, p. 45.) 

hi 1973, the national Science roundation under- 
took a Rve-year experiment designed to promote 
invention and entrepreneurship in American society. 
Tlie roundation established several innovation cen- 
ters. The first three were at MIT, Carnegie Mellon Uni- 
versity, and the University of Oregon. Table 27 lists 
examples of innovation centers in the United States. 

The major goal of these centers is the initiation of 
an academic program to train and facilitate the work of 
young inventors and entrepreneurs. Enthusiasm for 
such centers seems to have waned in the last few 
years. However, the innovation centers have partici- 
pated in the creation of over thirty new entrepreneurial 
ventures, a thousand new jobs, and have generated in 
excess of $6 million in tax revenueii. (nsr. Industrial 
/Yof/ram Onrntrc Conference, 1980.) Over 2.000 stu- 
dents have participated in the programs. Because of 
the long term nature of the innovation process, it is 



difficult for one to judge fully those centers in terms 
of any substantive contribution to innovation at this 
time. One innovation center reviewed in this study 
served primarily as an educational facility and catered 
to the needs of student's who wanted to develop an 
idea. At two other innovation centers, the focus was 
on the developed entrepreneu*' It is clear that the 
most successful of these programs had an extremely 
active, energetic and knowledgeable director. Exten- 
sion services and innovation centers are important 
ways the university can function in industrial develop- 
njent of its surrounding area. 



B. University and/or Industry Associated 
Institutions and Activities Serving 
as Interface and/or foundation for 
University/I ndustr>' Research Interactions 

There are many institutions associated with a uni- 
versity that are not directly related to university/indus- 
try research interaction, but play a role in facilitating 
the integration of university/ research into the indus- 
trial innovation cycle. Likewise, many institutionalized 
activities such as technology brokerage and licensing 
affect the structure and functioning of this integration. 



Table 27 
Examples of Innovation Centers 

American Center for the Quality of Work Life 

American Productivity Center, Inc 

Center for Entrepreneurial Development 

Center for Government and Public Affairs 

Center for Productive Public Management 

Center for Productive Studies 

Center for the Quality of Working Life 

Committee on Productivity (AIIEl 

Experimental Center for the Advancement of Invention and Innovation 

Georgia Productivity Center 

Harvard Project on Technology, Work, and Character 

Innovation Center 

Institute for Productivity 

Laboratory for Manufacturing and Productivity 

Management and Behavioral Science Center 

MDC. Inc ■ 

Manufacturing Productivity Center 

Maryland Center for Productivity and Quality of Working Life 

Massachusetts Quality of Working Life Center 

Oklahoma Productivity Institute 

PENNTAP 

Productivity Center, Chamber of Commerce of U.S 

Productivity Center, Northwestern University 

Productivity Council of the Southwest 

Productivity Information Center (NTlSj 

Productivity Institute, Arizona State University 

Productivity Research and Extension Program 

Purdue Productivity Center • 

Quality of Work Life Center for Central Pennsylvania 

Quality of Work Life Program, Wayne State University 

Quality of Working Life Program, Ohio State University 

Quality of Working Life Program, University of Illinois 

RPI Center for Manufacturing and Technology Transfer 

South Florida Productivity Center 

Texas Center for Productivity and Quality of Work Life 

Utah State Center for Productivity and Quality of Working Life 

Work in America Institute, Inc * 



Washington, DC 
Houston. Texas 
Pittsburgh. PA 
Montgomery. AL 
New York. NY 
Washington. DC 
Los Angeles. CA 
Norcross. GA 
Eugene. OR 
Atlanta. GA 
Washington. DC 
Cambridge. MA 
Hato Ray. Puerto Rico 
Cambridge. MA 
Philadelphia. PA 
Chapel Hill. NC 
Chicago. IL 
College ParU. MD 
Boston. MA 
Stillwater. OK 
University Park. PA 
Washington. DC 

Evanston. IL 

Los Angeles. CA 

Washington. DC 

Tempe, AZ 

Raleigh. NC 

West Lafayette. IN 

Middletown. PA 

Detroit. M! 

Columbus. OH 

Champaign. IL 

Troy. NY 

Miami, FL 

Lubbock, TX 

Logan, UT 

Scarsdale, NY 
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1. Technology Brokering and Licensing Activities 

Site visits (luriiui the course of this study yielded 
inlormatioM on industrial diul utiiversity viewpoints on 
patents issues. To dirther investigate the level of activity 
and interest in technology brokerage and licensing on 
Ccimpus, two surveys were conducted. The first dealt 
with university patent administration mechanisms and 
internal division of income derived from royalty bear- 
ing patents. Information from this survey is presented 
in Table 28. 

The other survey sought information on Lotal royal- 
ties received by certain universities in recent years and 
is discussed below (p. 105). 

hicreased interest in patent matters is apparent 
from the significant number (20) of those universities 
involved in the first survey (38) undergoing patent 
policy revision. Only six universities had current patent 
policies tliat were more than five years old. nost of 
these revisions are not only in response to the patent 
legislation (Uniform Patent Act) which went into efTect 
July U 1981. but also reflect an efTort at^many uni- 
versities to encourage invention by increasing the 
rewards to the inventor, and to modify their adminis- 
trative procedures in handling patents. As federal 
funds for research have declined, initiatives have 
increciscd within the university system to generate 
their own research money, and riiany universities have 
pressed forward in capitalizing on their opportunities 
for patents. 

a. r<}icnt rights. 

In general inventions, innovations, discoveries 
and improvements made with the use of university 
facilities or services, or during the course of regularly 
assicined duties, are the property of the university, and 



can be used and controlled as to secure an equitable 
benefit to the public, the inventor and the university. 

A notable exception to the obligatory assign- 
ment of rights by the employee to the university is the 
procedure followed by the Urtiversity of Wisconsin. 
Their patent policy states that the university "does not 
claim any interest in employee inventions." Upon re- 
quest, the Wisconsin Alumni Research Foundation 
(WARD, a separate not-for-profit corporation serving 
the university, will review any invention disclosures of 
any universit)^ employee or student to determine if it 
will accept assignment of the invention. If assignment 
is accepted the inventor will receive annually 15% of 
any net royalties deriving from licensing arrangements. 

Universities, in general, claim no rights to those 
patents which are owned by third parties pursuant to 
sponsored research agreements, or those resulting 
from independent work or permissible consulting 
activities without the use of university facilities. 

Government sponsored research terms of the 
Uniform Patent Act are as follows: A university or a 
small business has the right to elect to retain title to 
inventions made in the course of government spon- 
sored research. Exceptions are made in three instances: 

(1) operation of government-owned research 
or production facility; 

(2) exceptional circumstances determined by 
the agency (stringent documentation is required from 
the agency and is submitted to the Controller General 
to curb abuse by the agency); 

(3) when necessary to protect the security of 
the government intelligence or counter-intelligence 
activities. 

If the university abandons the patent prosecu- 
tion, all rights revert to the inventor. However, some 



Table 28 

Patent Administration and Royalty Income Distribution of Selected U.S. Universities 



Year of 
Policy 


Institution 


Royalty Division 


Deduction by 
Institution 


Patent 

Management 


Patent Matters 
Handled By 


Univ. Income 
Goes Towards 


Comments 


1977 


U. Arizona 


Of net income: 
Inventor: 50% of 
1st $10,000: 
25% over 
$10,000 




PMO 


Individual re- 
sponsible for 
discoveries and 
inventions 


Fund for Promo- 
tion of Research 
- establ. In each 
unit. 




1980 


U. California 
System 


Of net Income: 
Inventor: 50% 
UC System: 50% 


15% for O/H 
plus deduc. for 
cost of patenting 
& protection of 
patent rights 


Internal 


System Board 
of Patents 


1st considera- 
tion given to 
promotion of 
research 




1977 


U. Chicago 






PMO 
UPl 


Office of VP for 
Bus. & Finance 


Divisional 

research 

activities 


When rights relin- 
quished to 
inventor* "normal 
process of aca- 
demic publication 
will be utilized for 
benefit of scholarly 
& gen. public" 
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Table 28 — Continued 

Patent Administration and Royalty Income Distribution of Selected U.S. Universities 



Year Institution 



Royalty Division 



Deduction by 
Institution 



Patent 

Managennent 



Patent Matters 
Handled By 



Univ. Inconne 
Goes Towards 



Comments 



U. Colorado 



Of 60% of net 
which UPl allows: 
Inventor: 25% 
"lab 25% 
"dept. or 
admin, unit 25% 
University Patent 
Royalty 

Fund 25% 



Under Cornell 
Rev. 

1979 U. Delaware 



1979 Duke 



1978 Georgia Tech 



Under Harvard 

Rev. 

1975 



35% 
65% 

35% 
45% 
20% 



NeV. 

1st $10k 

Inventor 

"lab 
$10'50k 

Inventor 

"lab 

Univ. 
Above $200k 

Inventor 15% 

"lab 15% 

Univ. 70% 

Inventor: 1st 
$1,000 + 50% 
of net income 



Of net income: 

1st $50k 
Inventor 35% 
University 65% 

2ncl $50k 
Inventor 25% 
University 75% 

Over SlOOk 
Inventor 15% 
University 85°o 



Under Johns Hopkins Current: (net) 
Rev. Inventur 25% 

1969 Proposed 

Inventor 30% 



PMO 

Primarily UPl 



Of net income: 
Inventor: 15% 
CRF: 85% 

Inventors options: 

1. Inventor 1/3 
Approp. 
adm. unit 1/3 
Res. Off. 1/3 

2. Inventor-lst 
$5,000. then 
inventor 20% 
Adm. unit40% 
University40% 
This division 
holds until net 
income is 
$30k when 
terms in Option 
1 take Over 



Direct expenses 
expenses 
CRF-$350 fee 

Direct expenses 
•f 15% of direct 
expenses to 
cover Overhead 



Internal. 
PMO 

Internal 
PMO 



Office of Patent 
Adm. sifts dis- 
closures; Univ. 
Patent Comm. 
(10); Chairman- 
Dean of Studies, 
Reps from 4 
campuses; Ex- 
officio member 
(incl. Patent 
Adm.) 

Cornell 

Research 

Foundation 

University 
Coordinator for 
Research 



Direct expenses 



internal 
PMO rarely 
used 



Direct expenses 



Direct expenses 
of processing 
patent 



Direct expenses Internal 



See royalty div.; 
Patent Royalty 
Fund goes to 
res. & education 



Research: 
Preference to 
orig. unit 



Office of Patent 
Administration 
(estab. 1979) 



Internal: 
Office of Con- 
tract Adm/ 
Georgia 
Tech. Res. 
Institute 

internal 



Patent 

Administration 



General ' ;ind 



Institutional 
Patent Commit- 
tee (incl. member 
from GTRI) 



Committee on 
Patents and 
Copyrights 



If unlv. relin- 
quishes rights 
& inventor de- 
velops it, any 
income must be 
shared with univ. 
(after inventor's 
expenses are 
deducted), on the 
basis that in- 
ventors's share be 
not less than 
royalty split 
under univ. funded 
inventions. 



$250 to inventor 
for services 
rendered in 
providing tech- 
nical documenta- 
tion in filing 



Faculty & aca- 
demic dept. of 
inventor for re- 
search by in- 
ventor. Next 
$67,500- V2 as 
above: V2 general 
use by inventor's 
dept. Remaining: 
divided between 
faculty & central 
university 
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Table 28 — Continued 

Patent Administration and Royalty Income Distribution of Selected U.S. Universities 



Year Institution Royalty Division 



Deduction by 
Institution 



Patent 

Management 



Patent Matters 
Handled By 



Univ. Income 
Goes Towards 



Comments 



U. Houston 



Under U. Illinois 
Rev. 



Lehigh 



Under U. Maryland 
Rev. 



Under MIT 
Rev. 



1971 



Cur- 
rent 



U. Michigan 



Michigan 
State U. 



U. North 
Carolina 



Of net income: 
Inventor 50% 

Of net income: 
1st $50k 
: Inventor 50% 
2nci $50k 

Inventor 35% 
Over $100k 

Inventor 20% 

Of net income: 
Inventor 50% 
University 50% 

Inventor 15% 



PMO 



Direct expenses Internal 



Of gross income: 
1st $50,000 

Inventor 35% 
2nd $50,000 

Inventor 25% 
Over $100,000 

Inventor 15% 

Of net income: 
Inventor 20% 
Orig. Unit 40% 
VP for Res. 
Eqpt. Fund40% 

Inventor: 1st 
$1,000 gross; 
15% total royal- 
ties thereafter 

Inventor: not less 
than 15% gross. 
Exact proportion 
specified in 
agreements with 
PMOs. 



Any litigation 
costs negotiated 
with Res. Corp. 

No deduction 



PMO 



Internal 



Inventor's dept. 
for research 



Office of Patents 
& Copyrights 



Direct expenses 



Internal 
PMO 



PMO 



PMO 



Faculty Patent 
Committee 



Trust fund for 
research on each 
campus. In- 
ventor's school 
or dept. will have 
preferential 
treatment. 



1976 



1979 



North Carolina 
State 

Penn State 
University 



Inventor: 15% 



1977 Princeton 



1973 Purdue 



Of gross income: 
1st $3,000 

Inventor 50% 
Next $10,000 

Inventor 25% 
Over $13,000 

Inventor 15% 



Of net income: 
1st $50,000 

Inventor 50% 
Next $50,000 

Inventor 40% 
Over $100,000 

Inventor 30% 

Of net income: 
Inventor 1/3 
University 2/3 



PMO 



PMO 



Direct costs 



Internal 
PMO 



Direct plus 
indirect costs 



Internal 



Univ. Patent 
Counsel (in office 
of VP for Re- 
search & Grad 
Studies). He is 
also Pat. Counsel 
for Penn. Res. 
Corp. 

University 
Research Board 



Committee on 
Patents & Copy- 
rights. Purdue 
Research Found. 



Royalty income 
minus inventor's 
share equally 
divided between 
Res. Corp. & 
Penn. Res. Corp. 



Penn. Res. Corp. 
is a non-profit 
organization 
which acts as 
transmittal 
agent to Res. 
Corp. 



100% to research 
fund. Inventor's 
field of activity 
given preferential 
treatment 
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Table 28 — Continued 

Patent Administration and Royalty Income Distribution of Selected U.S. Universities 



Year Institution 



Royalty Division 



Deduction by 
Institution 



Patent 

Management 



Under 
Rev. 



Cur- 
rent 

1980 



1980 



Cur- 
rent 



Rensi elaer 
Polytechnic 
Institute 



Of gross income: 
Inventor 15% 



Rice University Inventor share 
negotiated case 
by case 

Of net income: 
Inventor 50% 
University 50% 



University of 
Rochester 



Direct «?xpenses 



1978 S.U.N.Y. 



Stanford 
University 



Texa-. A&M 



1981 U. of Texas 



Late U. Utah 
60's 
Cur- 
rent 



1972 Washington 
University 



Cur- University of 

rent Washington 

as of 

1981 

11969) 



1975 U. Wisconsin 



Under Yale U. 
Rev. 



Of gross income: 
Inventor 40% 

Of net income: 
Inventor 1/3 
'Dept. 1/3 
University 
Royalty 
Income 
Fund 1/3 

Of net income: 
Inventor 50% 
Unit responsible 
for inven. 50% 



Of net income: 

0'$5.000 
Inventor 75% 
System 25% 



Of net income: 
Inventor 40% of 
first $20,000; 

35% of next 

$20,000; 30% 

thereafter 



Of net income: 
Inventor 50% 
(max.) 
Univ. Balance 



15^b of gross + 
direct expenses 



Internal 
PMO 



PMO 



Internal 
PMO 



Internal 



Interna! 



15% for admin- 
istrative costs 
+ legal fees for 
patent 
processing 

Costs of patent- 
ing & licensing 



Interna! 
PMO 



Direct 



Internal Utah 
Res. Founda- 
tion 



No more than 
50% 



Internal 



Of net income: 
1st $5,000 

Inventor 100% 
Next $15,000 

Inventor 50% 
Over $20,000 

Inventor 30% 

Of net income: 
Inventor 15% 
Wise. Alumni 
Res. Found.85% 

Split what PMO 
allows 50/50 mW) 
inventor 



15% service 



Internal 
PMO 



Internal 



Internal 
PMO 



Patent Matters 
Handled By 



Univ. Income 
Goes Tovk^ards 



Comments 



Patent Reviev^^ General Fund 
Committee 

Office of Ad- 
vanced Studies 
& Research 

NONED Corp. 2/3: Inventor's 
(vk^holly owne6 Dept. 
sub. of Roch. for 1/3: !nventor*s 



Not active re: 
patents 



patent mgmt.) 



Technology 
Transfer Office 

Office of Tech. 
Licensing 



college for 
educ. or res. 

SUNY Research 
Programs 



Office of Patent 
Administration 



Patent Office 



U.R.F. purchases 
services of direc- 
tor of University 
Patent Office to 
manage patents 



Vice Chancellor 
for Research & 
Patent Coord. 
Patent Advisory 
Committee 

Patent Office 



1st to defray 
expenses of 
Patent Office, 
then for research 
by unit where 
invention was 
made 

Support of re- 
search & educa- 
tion (1st priority- 
operation of 
Patent Office 



Educational & 

Research 

programs 



Vice President & 
Chancellor. Wise. 
Alumni Research 
Found. 



Patent Review 
Committee 



Account for 
Research 



WARF returns 
15% of income 
from inventions 
and investments 
for research 



University Patent 
Office may award 
up to $1,000 to 
inventors for 
their aid in devel- 
oping info, to help 
patent prosecu- 
tion. 

Rights rest with 
inventor, subject 
to "shop rights" if 
done with univer- 
sity funds &/or 
facilities. 
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institutions put up barriers, such as requiring a share 
of tlic royalties or publication of findings. Many, how- 
ever, put no conditions on the release. 

h. raicni administnUion. 

In informal discussions with university patent 
and research adniinistrators, it was found that many of 
the peitent policies were under study or revision. Ques- 
tions such as tlie following were being addressed by 
school officials. 

(1) Is the patent policy up to date, or should 
it be revised? 

(2) Is the division of royalties between the uni- 
versity and inventor equitable, and sufficiently encour- 
aging to the inventor? 

(3) Who should retain the rights to the 
patent? Should the university relinquish the rights to 
llie invention and under what circumstances? 

(4) At what stage and from what funds should 
the patent olHce overhead and other expenses be taken? 

(5) Under what office of the university should 
tlie patent ^ldministration lie, and what administrative 
officials in particular should have final say on a deci- 
sion involving patents? 

(6) Does the university have an adequate in- 
ternal capability to manage patent development? If 
not, should it be improved or should the university use 
the services of an external patent management organi- 
zation? 

In general, patent royalties to universities from 
inveiitioi^s of their faculty members are an increasing 
potential source of income. To date there has been 
some lack of consistency of handling this source of 
revenue and disposition of the revenue itself. Further- 
more, with increased fees for domestic patents as well 
as the high costs of obtaining foreign patents, the 
issues and expenses must be considered with care. In 
most universities examined, such detailed debate 
among administration and faculty is being pursued. 

Many universities have agreements with external 
patent management organizations (FMOs). These were 
generally viewed with dissatisfaction by many univer- 
sity administrators and scientists. It was often stated 
that these organizations are not sufficiently aggres- 
sive is seeking out patent and licensing opportunities. 
Several administrators also stated that they did not 
believe these organizations were receptive to their 
needs. These views can be interpreted as expressions 
of the belief that opportunities have been missed. We 
note that we did not conduct a separate survey of 
patent management organizations and their interac- 
tions with university scientists. 

Increasing numbers of universities are developing 
their own internal capabilities for patent management. 
In our aforementioned survey of 38 universities, 17 
use internal means exclusively for managing patents, 
and 7 use both internal means and PMOs (Table 28). 
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Altliough having internal management capability is a 
very expensive proposition, it does allow the university 
to own patents wliich would formerly have been assigned 
to a PMO. It is hoped that internal manageinent will 
provide an opportunity to get" a return on investment 
sufficient to have a significant impact on university 
research prcgr?.nis>. 

c. Division of royalty income. 

In general, there are two situations in which an 
inventor who is a university employee can earn royal- 
ties. The first case is that in which an invention arises 
from externally funded research, where the overhead 
is adequate to cover university expenses. Royalty 
income divisions are negotiated as part of each con- 
tract or grant, and the sponsor's terms are controlling 
in the matter of limitations on the inventor's share. 
Some universities imported that they make every effort 
to have the sponsor follow that division of royalties 
specified in that university's patent policy. Some con- 
tracts with companies were found to allow for no pay- 
ment to the inventor. Under the Uniform Patent Act, a 
patentable idea arising from government funding, par- 
tial or total, must include a percentage for the inventor. 
The terms for division varies with government agencies. 

The second case is that in which the invention 
arises from research supported by univen- ..y funds on 
university time, or using universitv facilities, and when 
the patent has been executed internally. Merc, the divi- 
sion specified in each university's patent policy is con- 
trolling. Although there is wide variation among univer- 
sities in relation to royalty income sciiedule, our survey 
showed that 15 (7 private and 8 public) out of 38 univer- 
sities surveyed offer (in varying increments) at least 
50% of net royalties to the inventors. 

Data on the division of royalties by individual 
universities is also given in Table 28. 

d. Patent income management. 

State and private universities have established 
independent research foundations for the purpose, in 
part, of facilitating the patenting and licensing of uni- 
versity developed products and processes (e.g., the 
Wisconsin Alumni Research Foundation of the Univer- 
sity of Wisconsin, the Cornell Research Foundation, 
Inc., and the California Institute Research Foundation 
of the California Institute of Technolog^O. 

The Wisconsin Alumni Research Foundation is 
the most well known example of this type of arrange- 
ment. It manages income generated from inventions 
and investments on behalf of the University of Wiscon- 
sin, and returns 15% of the total income annually to 
the University of Wisconsin for support and administra- 
tion of research. (Note that the generation of funds 
from inventions comes from a few very highly success- 
ful patents,) These funds are primarily used to aid 
young investigators, support teaching assistants, and 
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provide seed money for new research projects and 
proc'iiiius. 

e. LciH'ls ()/ toLil unotuc t(*(:c/iucxl [mm p<itc.nts. 

Ill oidet to collect data on the level of total 
p«Uciil income l eceivcil L)y universities during PT-I979 
,nid r'Y-I98(X a list oi sclioois thouglit to receive the 
Lirgest timounts of royalty income was developed, rio 
l>ri()r UU)Ulation of such data exists, and therefore, 
peisonal judgments were used as a first guide to this 
tu:glecled area. Candidates were suggested by patent 
and reseaicli adiiiinistrators, as well as by officials at 
the national Association of College and University Busi- 
ness Oftlcei s and the Society of Patent Administrators. 

Inioi'ma'iioii concerning the annual amount of 
income Irom royalty bearing inventions was requested 
fiom 36 universities, both public and private. Responses 
to d«ile numl)ei 25, a 69% response rate. These initial 
results lor 1980 and 1981 are shown in Table 29. 

Oi the 25 respondents, 3 had not yet tallied 
llieii' I9B1 iimounts. Two of these may account for the 
dec icase In the lowest class from 10 in 1980 to 7 in 
1981. as their income was well down toward the lower 
end of the range, and is not expected to distort the 
aggregate sums. 

Indicative of a trend is the aggregate amount in 
each year: $7,316,915 in rY-I980, and $9,178,276 in 
rY-I98I, which represents a 257o increase even with- 
out completed tallies. 

f. /\((/(iu/e.s (ou'ar(/s pfcpublic^\Uot\ review and 
putent oLVnership. 

Most companies view the interest of universities 
in [patents and licensing as healthy. They would rather 
negotiate these matters than leave them undecided. 
Mciny legaicl (acuity awtireness of the importance of 
patetiting before publishing a prerequisite to a joint 
( ()llat>orati\'e research effort. AH the aspects of this 
Issue, howexei. are not lesolved. Every university vis- 



ited was concerned with the issue of prepublication 
review rights of the industrial sponsor. Companies 
believe that they should have the right to review pub- 
lications coi7iing out of their sponsored research for 
inadvertent disclosures of company proprietary infor- 
mation and for potentially patentable ideas. Most sci- 
entists do not object to this review for patent poten- 
tial. The debate centers around the appropriate length 
of time for such a review. 

Generally, a company feels comfortable with the 
university owning a patent, particularly if the university 
is willing i.o provide an exclusive license for a certain 
time period. Many (7 out of 8) of the tiew university/ 
industry partnership agreements in biotechnology 
grant exclusive licenses to the sponsoring company 
(see Chapter VII, pp. 43-44). However, companies 
do not always require an exclusive license as a condi- 
tion for significant commitment to research coopera- 
tion with a university (e.g., Exxon-MIT, see p. 43). 
The company participants in most of the cooperative 
research centers reviewed (90%) did not require exclu- 
sive licenses in return for their participation. A large 
number of these centers may be characterized as 
focusing on research related to process technology 
{e.g., combustion processes, polymer processing). In 
these areas of research the exclusive license may not 
be as important as in areas of research where the out- 
come may be a new drug or agricultural product. While 
university policies and the mechanism of university/ 
industry interaction will affect negotiations concerning 
patents and licensing, a company's willingness to 
accept the university stance may be related to the tech- 
nology base and structure of the industry to which the 
company belongs. (See Chapter VIII.) 

A few company representatives regarded this 
new interest in patents and licensing as a threat 
to their own interests. One company reprepentative 
stated he would not want his company to enter into a 
cooperative research activity with a university that was 
actively pursuitig patents. He regarded such universi- 
ties as among his competitors. 



Table 29 
Frequency Table 

Total Patent Royalties Received by Sample of Universities— 1980 and 1981^ 

Frequency 

Gross Income 1980 1981 



0— S 99.999 10 7 

S100.000— S199.999 3 4 

S200.000— S299.999 3 2 

S300.000— S399.999 3 ' 0 

S400.000— S499.999 0 1 

Over $500,000 6 8 



TOTALS 25 22' 



One major university reports an aggregate total of income from inventions and investments. The part of this attributable to inventions has 
not been separated, and therefore cannot be reflected in this table. 
' The 1981 tallies of 3 universities were not yet available. 
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2. UnAversitij Connected Research Institutes 

The body of orc\aiiizatioiis under discussion may 
best be described us separately incorporated units 
that serve as legal entities for administering spon- 
sored research and related programs for their parent 
universities (Table 30). Although the articles of incor- 
poration confer independent status on them, they are 
in fcict interdependent with, and under varying degrees 
of control by, their iiost universities. 

Ambiguity of name and purpose makes university 
connected researcli organizations difficult to identify. 
Variously called institute, foundation or corporation, 
each candidate must be examined carefully to see if it 
fits the operational definition one has in mind. (In 
this discussion, institute will serve as the generic 
term.) Eacli university prescribes for its institute a 
special mix of activities which typically changes as it 
evolves. 

The university-connected research institute is 
most commonly associated with publicly supported 
schools (Daniels, ct ai. 1977). These universities 
must operate under the restrictions placed upon them 
by their charters and further constraints imposed by 
their state legislatures. This situation does not provide 
a llexibility of operations attractive to industry spon- 
sorship of research. Yet, a strong program of spon- 
sored research is critical to carrying out the aim of 
educeitional and scientific excellence at the graduate 
level. Thus, major research universities must often 
devise means for flexible operations. 

The mechanism of the university-connected re- 
search inslilule has been used by a number of public 
universities for the administration and/or the devel- 
opment of industry sponsored research programs and 
the concept is under active consideration by other uni- 
versities, spurred in part by the current government 
encouragement of university/industry research inter- 
action, A general statement of the purposes served by 
separation between a public university and a not-for- 
profit corporation in its service is that the state is 
responsible for the basic support of the university, 
while the institute's funds directly or indirectly help the 
tax dollar accomplish more by allowing for the provi- 
sion of services which public monies cannot fund or 
are insufTicient to fund. 

The institute provides a way of minimizing many 



of the constraints imposed by state government con- 
trol mechanisms, and thereby allov^ the university to 
respond to sponsor requirements for efficient per- 
formance of research. Tor example, within the univer- 
sity, the research process can be impacted adversely 
by requirements for competitive bidding for research 
equipnient by policies relating to the hiring of research 
personnel, by limitations on travel funds, faculty con- 
sulting time and faculty salaries, and by possible dis- 
continuity of funding. 

There are also controls within the university on 
the content of research projects and development of 
research results. Tor example, the institute may take 
on programs outside the areas of standard academic 
programs, such as those involving security clearance, 
and enterprises of a commercial nature. Currently, the 
institute is being recognized as a means of facilitating 
patent commercialization through licensing. 

Besides minimizing state government impediments 
to research, there is another role that the institute can 
perform. As the size and volume of research projects 
increase, specialized attention over and above the uni- 
versity's regular academic and administrative proce- 
dures is required. The institute can develop the capa- 
city to liandle large, sometimes long-term programs. It 
can also organize multi-disciplinary research teams 
when necessary, and can control which projects grad- 
ueite students work on. 

Beyond these functional reasons for an institute is 
the potential psychological benefit. The traditional 
issues which divide university from industry can better 
be negotiated one step removed from their traditional 
bases and, perhaps most important, removed also 
from the public arena in which a public university 
functions. One public university in this survey is re- 
viewing the possibilities of funneling most or all of 
its industrial contracts through a university associated 
research institute. This university hopes that this 
will facilitate the administration of large industrially 
funded projects, 

A university-connected research institute can func- 
tion somewhat like a private contract research insti- 
tute with these added benefits: 

(1) The institute is backed by an educational pro- 
gram and a fundamental research program reflecting 
awareness of scientific frontiers. 



Table 30 

Examples of University-Connected Research Foundations 

Established 



Purdue Research Foundation ''^^O 

Ohio State University Research Foundation 1936 

Indiana University Foundation 1^36 

Texas A&M Research Foundation 1^44 

University of Kentucky Research Foundation 1945 

Research Foundation of the State University of New York 1951 

Research Foundation of the City University of New York 1963 
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(2) It lias university faculty available as consul- 
l<ints on its projects, and it can also contract witli tlie 
uiii\ersily to [)t!i l()! in l)asic research of particular 
inleiest. 

(3) riie institute can draw on tlie pool of graduate 
students enrolled at the university, and often the cost 
o( doinc\ research in this environment is less than at a 
[)riVcUe contract, research institute. 

(4) An Intancjible, but important factor in conv 
mandinci sponsor interest, is the reputation arid credi- 
t^ility that a yreat U.S. research university has worldwide. 

in summary, it appears that universities with a 
se[)arate research and development institute can be 
particularly attractive to outside sponsors and may 
develop into beiny an important buffer mechanism in 
university/industr>' research interactions. 

!n 1980, the i^ational Commissi jn on Research 
published a report on industry and the university, 
I)nH*k)()in(j Coo{)crc}tiuc Research Mechanisms in the 
Picitiondl hiterest. A key recommendation states: 

"Tht: co!"n!iiissioii rcconiiiicnds lliat unlvcrsi- 
lifs examine Iheir achiiitiistratlvc structures and 
()()li( ies relevatit to cooperative research arrange- 
ments with inclustty. Such research arrangements 
should lacllitale cooperation while protecting the 
aaidemic research environment. Universities sliould 
also examine their patetit policies and be sure that 
they have the stafT Ciipablc of idetitifying and pursu- 
ing ()atent opportunities." 

This can be interpreted as support for the con- 
cept of the utiiversity-connected research institute 
which acts as a buffer in university/industry research 
interactions. 



5. hidustticU rarks 

The industrial [:>ark model has been developed at 
several major campuses to improve relationships be- 
tween research-intensive companies and sponsoring 
universities who rent space for corporate activities. 
According to one prior study which described the 
highly successful Stanford University Industrial Park: 

The results i!i tertiis of encouraging faculty 
consulting a!id e!itre[:)reneurship, industrial staff 
enrollmetits in university courses, and the use of 
industrial scientists as university lecturers arc gen- 
eriilly cotisidered to be significant stimuli to tech- 
nolo(\\' transfer." (ISaer, 1977). 

liiteiviews at companies in the Stanford University 
Industrial Park, and with Stanford University profes- 
sors, substantiated the results of that study. However, 
most industrial parks are generally not significant 
stimuli to technoloc]^' transfer. 

Appendix 111 presents several examples of univer- 
sity associated industrial research parks. 

Of the 59 universities visited in our field survey, 
14 universities had owned or associated themselves 



with industrial parks. Of these parks, only 4 can be 
characterized as successful in terms of stimulating 
technology transfer. However, even in these cases, the 
presence of the park, in and of itself, did not neces- 
sarily strengthen university/industry research pro- 
grams. The presence of the park in successful cases 
did facilitate technology transfer through providing 
space for co»npanies arising out of university research 
programs. In at least three of the more successful 
parks, the presence of the park in close proximity to 
the university may have helped provide a climate for 
the general acceptance of university/industry research 
programs. Those universities associated with parks 
tended to have stronger programs of university/indus- 
try cooperative research. For further discussion of 
itidustrial parks, see Chapter X, pp. 109-110. 



4. Spin-off Companies and University/ 
hidustrij Research 

Companies that spin ofTfroni university research 
programs tend to have an initial formal research 
association with the university which includes sharing 
of facilities and hiring of graduate students. As the 
companies become more directed towards producing 
a product, they become more isolated from university 
programs, and at this point have little money to fund 
them. Only in the cases where these companies are 
highly successful do they return their attention to the 
university and contribute substantial funds to univer- 
sity research. In order to ensure that the university 
derives an optimum return in these instances, many 
are considering the possibility of the university taking 
equity in the spin-off company in lieu of royalties. 
(See Chapter X, pp. 110-112). Universities are trying to 
calculate which would bring in more to their research 
programs, an original 5% royalty from university patents 
licensed to a spin-ofT company, equity in the company, 
or reliance on the company's philanthropy and gifls. 

Excluding engineering consulting firms, most 
university administrators could only recall one to 
three spin-ofT companies coming from university re- 
search programs. However, three universities said that 
they could point to over 100 spin-ofT companies, and 
another three could point to 25 to 50 such companies. 
Appendix III presents a few examples of spin-ofT com- 
panies reviewed in our field study. 

There is certainly an untapped potential in provid- 
ing mechanisms which would facilitate the collabora- 
tion between the research programs of these new. 
companies and university research programs. Several 
universities are currently looking into a variety of pos- 
sibilities, including programs of technical assistance, 
providing incubator space" for the new companies, 
and mechanisms by which a university can integrate 
its research into programs of economic development. 
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CHAPTER X 



THE SIGMIFICAMCE OF CURREMT 
ACTIVITIES AMD EFFORTS TO 
COORDINATE UMIVERSITY AMD 
IMDUSTRY RESEARCH 

This chapter summarizes several recurring themes 
and debates regarding university/industry coupling. The 
maUcrial presented is based on our observations and 
interpretations after our wide range of interviews and 
a review of the current literature. 

A. Opportunities for Growth 

Current discussions of university/industry research 
interactions might imply that this idea was discovered 
de twoo in 1 978. Our studies document that there is a 
history of continuing and fruitful interactions. The 
present emphasis, however, is somewhat different for 
reasons indicated in Chapters IV and V. 

The enthusiasm with which this subject was treated 
by all who were interviewed, however, indicates that 
focused interest in university/industry coupling is long 
overdue. One university president stated his belief that 
industry support of university research is an unexplored 
margin for the university/ in general. Many agree. But 
recently there has been a rising chorus of caution from 
both university and industry representatives stating 
that although interest in this subject is long overdue, 
it can be vastly overestimated in importance. It is 
necessary to maintain a sense of perspective about 
university/industry research interactions. Edward E. 
David, Jr., President of Exxon Research and Engineer- 
ing Company, a strong supporter of university and 
industry scientists interacting together in research, 
has in many recent speeches said that it is impossible 
to expect industry to fill any large funding drop by the 
federal government (David, 1981). 

Companies do intend to draw more direct ties to uni- 
versities, but resources are limited, and they already 
support the university research endeavor through 
taxes. It is important to remember that industry has 
to pursue a direction which strengthens its own long 



term interests, and the university must pursue a direc- 
tion based on its function in society. These directions 
can intersect but to a limited extent. Only the govern- 
ment has the resources and network capabilities to 
monitor the complex U.S. research system and ensure 
that we have a broad technical base. Industry's ap- 
proach to research is strategic, for example, there are 
relatively few technical fields, e.g., computer science, 
electrical engineering, polymer science, molecular 
biology, genetics, chemical engineering, receiving 
major industrial support at universities. Industry's 
technical effort is targeted, similar to the approach of 
government mission-oriented agencies. However, the 
government must support research in the national 
interest and maintain a technical base that will provide 
for national security. Thus, the government has a man- 
date to support broadly based research. While there is 
room for growth in university/industry coupling gen- 
erally, and particularly in fundamental areas, broad 
based research support will undoubtedly continue to 
fiow primarily from federal sources. 

There are conditions today that may indicate 
some degree of change (see Chapter IV and V). One 
new factor is that the number of science-based, tech- 
nologically-oriented industries has grown. This pro- 
vides greater opportunity for university/industry coop- 
eration. As the older, more rhature industries see this 
occur, two options can arise: 

(1) Actions can be taken to adapt the new tech- 
nology to the existing business. 

(2) Business plans can be based on the potential 
of high technology for stimulating new business direc- 
tions and the role of university/industry interactions in 
stimulating and producing technical change. 

While most agree that increased university/indus- 
try coupling will be beneficial, there is active discus- 
sion of the effects of this on both institutions. Some of 
these considerations and concerns are discussed in 
this chapter. (See Section D.) 
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Despite concerns, many groups (public and pri- 
vate), iti recognition of the economic potential of sci- 
ence based ind'»slrics, are actively seeking to forge 
new bridges and linkciges between academia and the 
private sector. Many of these activities are regional. 

15. Regional Variations and Activities in 

Cooperative University/Industry Ventures # 

Regional and state activities continue to feature 
research programs related to their economies and 
natural resources. Thus at state universities in the 
tiorthwest (Washington, Oregon) and middle Atlantic 
(North Carolina) there are excellent forestry products 
institutes. There are significant textile programs in 
Georgia arid Piorth Carolina. Petroleum engineering is 
well supported at the University of Texas, Austin. The 
Great Plains states (e.g., Wisconsin, Minnesota) have 
well supported state programs in food and agriculture 
and so on. 

Currently, an increase can be noted in the tempo 
of state and regionally supported development activi- 
ties involving academic and industrial cooperation. 
States significantly involved in such activities include 
Arizona, California, Colorado, Georgia, New Jersey, 
New York, Michigan. They are seeking to take advan- 
tage of recent advances in the fields of microelec- 
tronics, genetic engineering and robotics. These activi- 
ties are also, to a great extent, in response to concern 
about lagging U.S. innovation and productivity, as 
these apply to local industrial activity. States in eco- 
nomically depressed regions, regions where the pre- 
dominant industrial base is mature (e.g., the steel, 
heavy machinery, and automotive industries) are par- 
ticularly interested in the creation of newjobs through 
fostering the development of new high technology 
start-up companies. In most of these activities, univer- 
sit>' administrators and researchers, as well as private 
sector representatives, are playing active roles. 

north Carolina has provided exceptionally dy- 
namic leadership over the last decade in fostering 
economic development through university/industry 
coupling. The Science and Technology Board, under 
the direction of Govemor Hunt has been responsible 
for mapping the state's strategy in these matters, 
developing the Research Triangle Park, and lately 
the dcvclopnicnt of a microelectronics and biotech- 
nolocjy center. The State appropriated over $27 mil- 
lion in 1981 to the microelectronics activities. 

Several other states have also established special 
groups to foster regional university/iridustry coopera- 
tion and economic development. 

One such institution is the Pennsylvania Sci- 
ence and Engineering Foundation (PSED founded 
In 1 968 with appropriations of $8.2 million to use as 
seed funds In nurturing Pennsylvania's economic 
position through technological Innovation. The PSEF 
Is located at Penn State University. During its exist- 
ence. It has attracted $68.3 million from Industry, 
local governments, and the federal government in 



support of applied science and engineering projects 
(PSEF, undated). PSEF has been responsible for, 
among other things, the dcvelopmen' of a new 
capacitor material. 

Recently, Mew York State established a new 
cnarter for the state's Science and Technology 
Foundation, giving that organization a key role as 
promoter of technologically oriented activity. As. part 
of this Initiative, the state and foundation have 
recently been active in exploring new forms of uni- 
versity/industry cooperation. 

riew Jersey is taking substantial initiatives In 
this area. They are proposing a program of $8.7 mil- 
lion to foster university/Industry cooperation In 
technological innovation. 

In Wisconsin, Michigan and Minnesota, special 
organizations (Appendix III) have been established 
to foster regional economic development through 
high technology development and university/indus- - 
try cooperation. 

In Pittsburgh, Pennsylvania, U.S. Steel, Carnegie 
Mellon and the University of Pittsburgh formed a 
committee, the Ad-hoc Committee on Cooperative 
Research, with objective of establishing cooperative 
research projects between the participating univer- 
sities and local industry. The idea for a regional 
approach came from the president at Carnegie 
Mellon. The universities are represented by the 
deans of the respective schools of engineering. 

The deans put together an inventory of re- 
search capabilities and current projects. From this, 
prospective industrial sponsors can determine pos- 
sible areas for research cooperation. To date the 
companies participating in the program include U.S. 
Steel, Westinghouse, Alcoa, Gulf and PPG, with cur- 
rent projects In combustion and coal utilization 
research. The Interactions have developed as indivi- 
dual contract research programs despite the initial 
goal of developing an umbrella grant. Although the 
initial goal has not been realized, the committee 
still holds this to be a possibility for the future. 

In Michigan the technology-based Industry com- 
mittee. In cooperation with the University of Michi- 
gan, sponsored the Michigan Technology Fair In 
April 1981. One of the fair's objectives was to create 
a climate that encourages the pursuit of high tech- 
nology. The event showcased advanced industrial 
technology and state-of-the-art scientific research 
being carried out In Michigan. 

Many of the above mentioned activities have the 
long term goal of starting or expanding university 
research parks. 

For example, in Madison, Wisconsin for Research 
(WFR) Inc., a private, not-for-profit Joint venture was 
created for the purpose of assuring a permanent basis 
for cooperation between academic and economic 
interests for the long range benefit of the state, univer- 
sity and WFR members. Charter members (including 
16 companies) contributed $2,000 each. The organiza- 
tional approach is to establish a formal channel or 
clearing house for information and ideas that Vk^ll lead 
to more activity and more contracts between the uni- 
versity and private industry. It is their hope that the 
long range net en"ect of this activity will be the estab- 
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lishiiicnt of a research park designed to draw high 
tcchiiolociy companies to Wisconsin. 

Many other universities (Yale, R?\, Princeton, Uni- 
versity ol Texas, Austin) are currently interested in 
expanding existing parks or developing new parks {see 
Chcipter IX, p. 107). 

Universities have niany reasons for wishing to partic- 
ipate in the development of these parks. They include: 

( 1 ) An investment that will generate new funds for 
the university. 

(2) Providing incubator space for spin-off com- 
panies emerging from university research. 

(3) A mechanism for preventing "brain drain" and 
underemployment by providingjobs which will require 
skills appropriate to a university graduate. 

(4) A mechanism by which the university can 
maiiitain the '*campus environment" in the surround- 
\\u\ area. 

(5) A mechanism for fostering joint university/ 
industry cooperative research programs. 

University participation in the development of 
these parks continues to rise as universities become 
increasingly interested in capitalizing on their research. 

C. The Role of University Research in 
riew Business Development 

There were numerous reports in 1980-81 of new 
ventures emerging from research conducted in univer- 
sity lal:)oratories, or of new high technology enterprises 
enlisting outstanding university professors for their 
staff or their board, or of large corporations giving a 
nuijor grant to a university for the conduct of a broad 
research program. These developments have been 
conipared to the development of Route 128 around 
ISoston with ties to the MIT-Harvard complex; the 
yrowth of electronics in Silicon Valley that began with 
some distinguished graduates of Stanford University; 
and the seemingly unlimited flood of venture capital 
into high-technology companies in the 1960's. 

There are many points in common between today's 
new business developments and those of the past 25 
years, but there are also important differences. The 
differences are fundamental to the relations between 
universities and industry that will evolve in the years 
ahead. 

They are as follows: 

( 1 ) The technical base for new business has shifted 
in emphasis. Many of the earlier developments were in 
semiconductors. Today's emphasis is on biotechnol- 
ogy and data processing. Obviously, new businesses 
are emerging from a range of technologies, but the 
technical pattern today is different from yesterday. 

(2) The geographical pattern is more diffuse. 
There is widespread sensitivity to the commercial 
potential of new technology and an availability of ven- 




ture capital for exploitation. When the Route 128 
phenomenon was reviewed in the Charpie Report of 
20 years ago, it noted the receptiveness of the finan- 
cial community in such key centers as Boston and San 
Francisco, as compared to other cities. These differ- 
ences seem to have lessened considerably. 

(3) There is far greater maturity in industry today 
regarding the processes of industrial research, i.e., for 
the integration of R&D into the business planning and 
operations of the corporation. The possibility of devel- 
oping major new business interests from technical 
advances within the corporation or via a small start- 
up company outside the corporation is now consid- 
ered a standard business mechanism, not an unrelated 
speculation. 

(4) The technologically-based new business devel- 
opments of 15 to 25 years ago were oflen geared to 
markets deriving from the needs of military and space 
programs. Or at least, the technical developments 
were related to those programs. Thus, some R&D sup- 
port and, perhaps, some procurement might have 
come from federal sources during the initial phase of a 
new venture. Today, this is not as frequently the case, 
and the new developments must survive under tradi- 
tional private-sector ground rules almost from the 
start, in contrast to the public-sector involvement of 
the past. 

(5) Prior to 1970, the university research system 
was in a high-growth period, relatively well-financed 
from the increasing federal budgets for R&D, and fairly 
stable with regard to overall student enrollment and 
cost structure. This has changed drastically in the past 
10 years. Wliile federal R&D support has not declined 
in absolute amounts, the cost structure of universities 
has deteriorated generally and thus weakened their 
ability to offer growth opportunities for research sci- 
entists based on the traditional income from, and 
needs of, the student body. In brief, the university sys- 
tem requires additional and stable sources of income. 

Thus, there is a new set of ingredients for univer- 
sity-industry relations in new business development. 
There is a consciousness on the part of corporations 
as to the potential for integrating university research 
advances into current business planning, there is 
an availability of funds from many sources, and the 
financhig activities are geared to the private sector 
economy. Further, the universities are relatively more 
sophisticated, demonstrably more aggressive, and 
looking for new sources of funding. 

The traditional mechanism by which universities 
have received income from the commercialization of 
their research output is through patent licensing. 
There is great variation among universities as to their 
practices regarding the ownership of these patents or 
the assignment of rights to the research professor 
(Table 28). 

As long as the numbers of patentable ideas were 
limited, the royalty income often insufficient to cover 



piUJ^^t ^^)sts, aiui the university financial affairs in 
ri!«i,^<^vu>ple bnlaiicc, there was insufHcient reason for 
univ'^Ysl|jt:s lo rcnni^nij/c llicir patent management 
[)nK ^-c'^i'fs. SciitlvMiul i»x«nnplcs of significant returns 
c.xistvid, j^iich as the royalties received by Kutgers from 
llK^ VViily^inaii patents on streptomycin. But even this 
\v«!s *^ llifl VVaKsman, siiice the policy of Rutgers 
w<is ^ipv- PiJl<-*iU ownership to sttiy with tlie faculty. 

"I'|t^x,'e was a chicken-and-cgg quality about tlie 
sysi^-»u ^jt tlH! tiP'Q, The income was too modest to jus- 
tify the jjivcirlniciu in the sales and market develop- 
iiH^fit ll>^.ji might serve to increase the income. This 
stii|iMli^^cl the activities of third-party brokers, such 
asitH: K^t^scarch Corporation arid, more recently, Uni- 
vcijyity l^.jlciUs. These groups could provide commer- 
ciiij ^-\[^^,rtise and cover the patejit costs. 

bnVjiKj the 1970's, universities began to turn their 
attvfilio^^ more sharply to the potential of income from 
[)<Uc'Ml ijCcnsirKj. Their financial situation became 
\\'i)\f^K), ^j,k1 the ihcrcasing activity of patent brokers 
ni(iy \y^\c ^Housed the interest of universities in the 
opp^^rti^jiities for c^reater income. Thus, more univer- 
sitit;-^ '^cfU^^i to assign active patent development 
rcspon^jhilily to their own employees. What might 
stiift tis. part-tihie assignment often became a full- 
titii(; [K^i^itioii for one or more people in the larger 
rcjic;^rc^^ universities. 

Tji^x firowth of these activitier led to a more in- 
leii^^ ii^tcractlori betweeti university and industry on 
[\^[^ ^u^jtjct of coniniercial exploitation of university 
rcsc^^i'Qjv iin[^ortant feature was the increasing 
pr^^^vn(^^ of individuals at universities concerned with 
()ht^inii>^^j income from research, and who served as a 
buif£:v t^^twecti the traditional faculty values and tliose 
of tr*^^ iViJt»slrial World. 

Tji^ jncreiiscd attention to patents and licensing 
acvU^; ^jid the increasing itiiportance of royalty income, 
led to i^, diversity Considerations to share in the result- 
ing t^ii^j,iess. rurtherniorc, the publicity that accom- 
[^ani^^Hl ^f^nmicrcial ventures \n biotechnology by com- 
pallia's s^^ich as Ccius and Qenentech, with the dramatic 
evid^ne^ llial sizeable investments were available from 
priv/^tc 0/irtics, the stock market, and major corpora- 
li(>ii^' ^ii^ii'^^ntccd the attention of universities. The 
cc)i|iMie^.£:ieil potential of recent advances in biology 

Q)i>j^idercd to be so substantial that corporate 
stiu^liib^;f> and financing have been established while 
niijif ho^ [he science and technology is still in the devel- 
opn'^^'^t 5tacic. This necessitates close relations be- 
^^^c '1^'^^' cohipanies and the researchers respon- 
sible tlic advances, who are often members of 
univ'v^fKjiy faculty. These same faculty members are 
«iIS(; cs^.jblishiiig more formal relations with the new 
c:c)j|ilvn>^j^s as consultants, as officers, or as directors. 
And cases, the individuals have left the uni- 

\cl^^^hc^^ to Work tor the new ventures. 

Tlijj^ ferment of activity involving university re- 
sci^f^h -^jid faculty, plus the presence of investment 



and the potential of future income, has caused the uni- 
versity to consider new mechanisms by which the uni- 
versity system itself can become involved directly in 
the growth of new business ventures. 

University ownership of business is not new. Any 
major university fund or endowment may have stocks 
in its portfolio. This, of course, is simple investment 
without involvement. At one period, Piew York Univer- 
sity owned the Mueller Spaghetti and Macaroni Com- 
pany, a rather extreme form of investment and unrelated 
to uiiiversity functions except as a source of income. 

Presently, we are in a period of exploration with 
regard to the role of universities in new business devel- 
opment. There is a very considerable effort going into 
the expansion of traditional mechanisms for univer- 
sity/industry research cooperation, and the growth of 
new institutional devices that might lead to even more 
satisfactory relations for the generation and transfer of 
research. There is additionally a new look by universi- 
ties at the possibility of deriving continuing and sub- 
stantial income from the ultimate commercial values 
related to these arrangements. 

One approach is the use of third-party mecha- 
nisms. This is analogous to the patent broker for 
licensing, but now the university would have a partici- 
pation in this third-party structure. The functions per- 
formed by the new organizational structure are: 

( 1 ) To create a neutral buffer between the contin- 
uing faculty activities necessary for the operations of a 
university and the business dealings with the private 
sector for commercial development of research, 

(2) To provide professional expertise required for 
these activities, 

(3) To provide continuing income for the univer- 
sity, and 

(4) To ofTer an effective structure with which in- 
dustry can communicate and negotiate. 

This third-party structure can take many forms. A 
recent announcement from California (Time Magazine, 
September 28, 1981, p. 63), describes the establish- 
ment of a non-profit Center for I5iotechnology Research, 
with participation by faculty of Stanford and the Univer- 
sity of California. Commercial development arising 
from this research will be pursued by a new company 
called Eugenics. Funding of the Center will be from pri- 
vate corporations, and the Center itself will own 30% of 
Eugenics. The companies will own the remainder. 

One can easily conceive of similar structures 
being established by a group of universities, by a single 
major university in conjunction with an investment 
bank, and any number of public-private combinations. 
Several universities indicated they were considering a 
number of such possibilities, especially those which 
would cause minimum disruption to the educational 
and research structure of the United States. This sit- 
uation should stabilize during the 1980's, and the 
result may be more effective conversion mechanisms 
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Imni research to commercialization to the advantage 
ol botli university and industry. 

Another approac.li is tlie investment in or vhe 
establishment of university based research parks as 
discussed in the previous section. A few universities 
arc establishing or assisting in the development of 
programs to provide entrepreneurs (including entre- 
preneurial faculty) with technical assistance and with 
help in business planning. 

It is unclear at this moment exactly what are the 
optimum mechanisms for university participation as 
an equity owner in new business development, and if 
tills could be a major new phase of university growth. 
Other ellective approaches may be more suited to the 
university structure and its role in society. 

D. Emerging Concerns 

Tabic 31 lists 15 issues that were brought up at 
various times during our interviews. Althougli most 
were not mentioned more than 25% of the time by 
cither coitipatiy or university representatives, some 
have significant implications for present research 
systems. Interviewees varied extensively in the way they 
characterized what they considered to be legitimate 
concerns regarding university/industry research inter- 
action. However, several tliemes were identified. 

Itvdiscussing the development of university/industry 
research interactions, concerns related to matters of 
academic freedon. and research quality were contin- 
ually articulated. Those conversant with the status of 
university/industry connection, or those who had an 
intimate involvement with a specific issue suggest sev- 
eral additional concerns. They include: credibilit>', con- 
tinuity, and commingling of funds. 



Still other concerns were identified after inter- 
views with those involved in joint programs, study of 
the evolution of many case histories, and discussions 
with key individuals. They include: conflict of commit- 
ment, preser\'ation of the academy, atid the impor- 
tance of exploratory research. The following is a short 
sypnosis of particular aspects of concern flowing from 
each of these issues. 



1 . Academic Freedom 

rreedo![; and flexibility are the rubric of U.S. aca- 
deme. They are viewed as the cornerstones of the suc- 
cess of our university system. Those who consider 
themselves protectors of academic institutions have 
suggested that any changes in the status quo could 
destroy the delicate balance developed to preserve 
these institutional qualities. Such discourse occurred 
when there was a vast increase in federal funding of 
university research in the 1950's, as it does now when 
a significant increase in industrial sponsorship is 
expected. 

indeed, flexibility and the climate of freedom to 
enquire is essential to the development of new fields 
and new knowledge; they are critical tc the vitality of 
universit>' research. The concept of academic freedom 
includes freedom to explore new subjects, to publish 
without delay or political constraint, and to allocate 
one's resources and time to what the principal inves- 
tigator sees as most productive for his research. 

The national Commission on Research, in its 
report on industry and the universities, suggested that 
the university might face certain constraints in these 
areas through participation in cooperative researci^ 



Table 31 

Issues Concerning University/Industry Research Interactions Derived from 
Interviews with Scientists and Administrators at Institutions 
Surveyed in NYU Field Study 



Issues Identified 



Percent of Institutions Surveyed 
Where Representatives 
Identified These Issues 



1 . Basic vs. applied research 

2. Academic freedom: Conflict of interest and/or commitments 

3. ShouJd university take equity in a company? 

4. Importance of key individual {project director, dean, department manager or chairman, etc. 

5. Industry vs. university pay scales 

6. Government role as intermediary ^ 

7. Tax policy/incentives 

8. Industry grants smaller than government grants 

9. Ability of small firms to compete with large firms for access to university resources 

1 0. Multi-disciplinary nature of cooperative efforts 

11. Restrictions on public universities 

12. Peer review 

13. Commingling of industry and government funds in support of university research 

14. Credibility of the university 

15. Collective industrial support and anti-trust regulations 
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relationships with industry. They suggested that uni- 
versities could he influenced on research direction 
and puhlicxUion rights (roni these relationships, which 
seive as inducernent lor universities to become in- 
volved in more applied and development-oriented pro- 
grams. This debate deals with potential outcomes, 
which h<u'e not been evident to date in the expanded 
aclixily lor university/industry cooperation. 

Such issues are being recognized and discussed 
hy many universities around the country as expecta- 
tions rise that a greater proportion of their research 
will be supported by industry. Rather than suggesting 
that concerns lor academic freedom and flexibility be 
ol)slacles to changes in the status quo, universities 
diligently are attempting to develop new guidelines for 
faculty involvement with industry that will not compro- 
mise their llexibility or academic freedom. 

2. Conflict of Commitment 

Resolving issues related to academic freedom can 
be fairly straiglUfonvard, but there are also cases where, 
there is no clear answer. Situations involving conflict 
of commitment are examples. Such issues are em- 
l)odied in the following situations: 

A principal investigator luis a new graduate 
sliulciil who is particularly good in a Held he Knows 
will l)c of i!ilcrcsl to a company with which the pro- 
lessor has a consulting relationship. The professor 
()l)lai!is fellowship support for this student from 
the cotnpiuiy. 1 he professor and the company de- 
vise <j program for the student's thesis research. 
f()llowi!ig which the company gives research support 
to the professor for this program. OUicr research 
co!uiuctecl by the professor in a related Held is sup- 
ported by the federal government. The professor 
inai!itai!is his consulting contract with the company 
<inci it is throuqh this arrangement that company 
()roprietar\ information is handled. Yet some of this 
information is relevant to the student's thesis. 

In another situation, several researchers at the 
same university in the same academic department 
tue advisors to different companies, while their 
research support is from the federal govcrtinicnt. 

These types of arrangements are not new and 
have certainly been handled adequately in the past. 
I5ut. as the diversity of research support increases, 
such situations may become exceedingly complex and 
more prevalent than in the past. It may not be possible 
to ignore the complications of such activities. At the 
same time, it does not seem fruitful to simply prevent 
them. 

Several universities have formed ad /loc commit- 
tees to discuss these activities and in some instances 
monitor them. A few universities have set up guide- 
lines for dealing with such situations. Tor many univer- 
sities, such guidelines are new and therefore not proven. 
Hatvard University's policy divides situations that may 
present conflicts of interest into three categories: 
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(1) Activities that are clearly permissible. These 
include consulting arrangements that do not detract 
unduly from university objectives. 

(2) Activities that should be discussed with chair- 
man or vice chairman on extramural activities. These 
include situations in wtiich a professor directs students 
into a research area from which he expects to derive 
financial gain. 

(3) Activities which present serious problems. 
These include: 

a. Situations wtiere a faculty member assumes 
executive responsibilities for an outside organization 
which would create conflicts of loyalty, and 

b. Situations where a substantial body of re- 
search that could, and ordinarily would, be carried on 
within a university is conducted elsewhere to the dis- 
advantage of the university. 

In our opinion, the dialogue preceding establish- 
ment of useful guidelines may be strengthened by 
opening up discussions to all parties involved, includ- 
ing industrial research scientists and managers. 

5. Openness of the University 

It is our observation that industrial grants or con- 
tracts, even the very large ones, generally do not cause 
a conflict of commitment or interest, nor do they 
necessarily foster an air of secrecy. Some scientists 
have always been secretive about their research. This 
may stem from a desire to be absolutely correct or a 
desire to be the first to discover a breakti;rough. We 
found no evidence that industry sponsored research 
within the university system increased this secretive 
behavior. When the situation is otherwise, e.g. where 
there are strong incentives for a professor to begin his 
own company, or become involved in the operations of 
a start-up company with potential high returns, secrecy 
may be a problem, however, the majority of professors 
involved in such activities stated they were very careful 
about separating their commercial activities from their 
university research. 

4. Commingling of Funds 

Maintenance of diversified funding sources is crit- 
ical to the health of university research. But this can 
lead to complex situations as presented in the above 
section. 

Commingling of funds can beconv^ a particularly 
thorny issue when a company has negotic?ted an exclu- 
sive licensing arrangement with a university for patents 
deriving from the company-supported program. Com- 
panies can make a good and justified case for an ex- 
clusive license when they give significant amounts in 
support of a research program. Without an option for 
an exclusive license there is little incentive for a com- 
pany to take the steps necessary to commercialize a 
product. 
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Difficulties may arise when the research equip- 
ment used in an industrially sponsored program has 
been bouyhl under federal contracts, as is often the 
case, or if the federeil (]overnment is still providing 
partial support for a university scientist's research 
program which also receives industrial support To 
further complicate matters, another company may be 
supporting the research program of a colleague with 
who!7i this scientist has collaborated in the past and 
with whom he presently shares research equipment. 

Sorting out who owns what could also arise in a 
simpler case where several companies are supporting 
a generic research center at a university, while' they 
haw separate agreements with professors at the center. 
This can lead to complex questions of proprietary rights 
if a patentable discovery results from this work. 

5. ObjcciiiHtij and Credibility 

University researchers and administrators are 
aggressively looking for new ways to fund university 
research. Among these options being actively consid- 
ered are programs for commercialization of university 
research and programs to foster university/industry 
cooperative research. Both these new thrusts require 
that universities review present policies regarding 
patents, licensing, publication, and outside activities of 
faculty. As the universities alter or modify policies to 
meet the needs of new programs for research funding, 
the academic reputation for impartial analyses may be 
eroded in the university's quest for funds. Indeed, this 
can present a problem to the university itself for the 
credibility that is established by the university's objec- 
tive stance is a major asset universities have to offer 
as a third party. 

The importance of university objectivity to those 
Interested in the credibility of the outcomes of spon- 
sored research and the potential for such interactions 
to evolve into large programs is suggested in the fol- 
lowing example: 

The University of Fiorth Carolina, Chapel Hill 
(UriC) operates the occupational Health Sciences 
Group, which is a unique effort of union, company 
and university institutions to conduct research 
aimed at protecting the health of workers. It origi- 
nated as a partial condition for settlement of a labor 
!7iariagcment dispute. The labor unions required that 
the rubber companies sponsor research on worker 
health outside of their own companies. They specifi- 
cally required that the research must be credible. 
Of the six companies involved, four sponsored re- 
scarcli at UriC and two at Harvard. The program was 
initiated in 1970. 

Prior to this program, UriC had little university/ 
industry interaction which was important to the 
unions. Because UriC is a public university', it en- 
gages in no proprietary research. 

The initial step taken under the program was 
the collection of worker health data. It is from this 
data that the research program developed. The 
companies gave advice, but the university designed 



the program. Proposals for research projects were 
submitted to the union occupational Health Com- 
mittee for approval. Then contract agreements were 
signed with the university. The average funding for 
the program was $1 million per year including 
overhead. 

The university conducted two-to-three-day sci- 
entific critiques to discuss the research progress. In 
addition to the Department of Environmental Sci- 
ence and Engineering, the business school was in- 
volved in the data gathering aspect of the program. 

A new program as a follow-on to the rubber 
company sponsored program Is developing with 18 
phosphate companies located in riorida. This comes 
at an opportune time for UriC, since the rubber com- 
panies are phasing out their involvement. 

A university must consider several aspects of this 
question of credibility: 

(1 ) The capability of university scientists to b>e objec- 
tive must be preserved through enabling researchers 
to diversify their funding sources. This is important for 
industry and government when they need data and 
interpretations in response to law and liability suits; 

(2) In an effort to generate their own funds, uni- 
versities may create situations where their efforts are 
directed toward a tangible end rather than maintenance 
or creation of a body of knowledge and toward training 

/ those who can transfer it to users. 

The question is how to devise the appropriate 
rules and policies for attracting or creating these new 
sources of income without endangering the university 
asset of credibility. Once again, the answer lies in an 
estimate of balance. There is a certain level of directed 
research, industry or government oriented, in which 
universities can engage. Each university must evaluate 
that level for its own circumstances. 

6. Choice of Research Topics and Types of 
Research Activity 

Much has been made in the literature of the 
possibility of industry buying " university scientists. 
In their report on university/industry cooperative re- 
search relationships, the National Commission on Re- 
search suggested that increased industrial support of 
university research would be an inducement for univer- 
sities to become involved in more applied and devel- 
opment oriented programs. They thought that this pos- 
sibility could lead to some neglect of university basic 
research and teaching programs. We also suggest that 
this is a possibility, but point out that mission-oriented 
government research which has increased at univer- 
sities in proportion to government sponsored basic 
research over the last few years poses the same difficul- 
ties. Industry-sponsored research differs philosophically 
from mission-oriented govemment sp>onsored research 
in that the general rhetoric and economic criteria are 
different. Commercial utility is the issue, rather than 
national security or national interest. However, in each 
case, the university scientist must relate his research 
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Interests to the missions of the sources of support. 

Tills issue is really part of a much larger issue, 
riciniely, the future of the research university (OECD, 
1981). How i\ scientist chooses his topics of enquiry 
and seeks support for them must be put within the 
context of the obligations of the research university 
to society. There are different views on what these 
()l)llg£itlons are and how to proceed once they are 
estat)lished. The changing role of science and tech- 
nology In society will most likely affect university 
research subjects and the proportion of basic to ap- 
plied research conducted at universities and sources 
of funding for university research. This may have future 
implications for university structure. 

Most researchers when asked were uncertain or 
uiiable to state what they believed the Ideal mix of gov- 
ernment/federal/state/lndustry/universlty support of 
research should be. In our discussions with company 
scientists and administrators, they stressed their belief 
that neither the university nor government should be 
Involved In development. Practically all stated that 
university scientists should concentrate on basic re- 
search. This is a clear contradiction of the belief of 
many university scientists that industry desires more 
applied activities at the university. 

At this time, we point out once again that there is a 
continuous spectrum from basic to applied research, 
and what is one organization's applied research can 
be ciuother s basic research. This was very evident to 
us in our field study. It is true among universities and 
industries, as well as between the two sectors. A vice 
president at a leading eastern university said that at 
one point he was trying to characterize applied re- 
search at his university. Me went to what he thought 
would be the most likely place to find it, the derma- 
tology department. Scientists there were very upset 
l^ecause. In their view, they were conducting research 
on extremely fundamental problems. This situation is 
even more evident in references to engineering research 
versus the physical sciences. 

Government funds for non-mission oriented re- 
search areas are limited. In the past, the Department 
of Defense provided funding for very general research 
areas. After the Mansfield Amendment, which required 
the Department of Defense to restrict support of re- 
search to those areas directly related to defense, these 
^'general funds were no longer readily available. 

We have observed that industry is in fact more 
likely than government to contribute unrestricted 
funds for research. These are basic research funds 
which can be used for exploratory research (see p. 67), 
or as seed money to develop new program areas (see 
p. 73). Furthermore, in the several cases investigated 
of large, long-term contractual arrangements between 
a company and a university the programs were primarily 
mission-oriented, but, according to the principal inves- 
tigators of the programs, there was considerable lee- 
way to explore new research areas, and frequently 



unrestricted funds are incorporated Into the grant. 
Thus Industrially-sponsored research is not neces- 
sarily more directed or applied than government spon- 
sored research. 

However, the bulk of direct industrial support 
of university research is in the form of smaller, short- 
term contracts ($50,000-100,000) for directed re- 
search. This type of interaction does restrict the choice 
of research topics, just as do most government re- 
search contracts. Once again we note a significant por- 
tion of government sponsored academic research is 
contracted and mission-oriented. Yet several govern- 
ment agencies fund unsolicited proposals, while com- 
panies generally do not. 

7. Exploratory Research and Seed Money 

The complexity of today's science often precludes 
the randomness with which scientific questioning was 
often identified in the past. Serious researchers today 
may not be able to afford to ask many wide-ranging 
questions. Yet, there is still a need for exploratory 
research. 

Many industry scientists, as well as university 
scientists, are concerned about present opportunities 
for exploratory research. At least two large research- 
based firms have initiated significant programs to 
foster exploratory research at universities. Industry's 
interest In giving seed money to support new ideas is 
not necessarily new. The significance of these two pro- 
grams is that the companies sought exploratory re- 
search in areas they deemed to be Important (see 
Chapter IX, pp. 73-74). 

8. Gaps in Communication 

A number of professors were interviewed who 
received little or no industrial support. While they were 
not specifically negative towards industrial support, 
they held the opinion that industry had no interest in 
what they were doing, or that what they were doing was 
of no immediate value to industry. Therefore, they had 
not considered seeking industrial support. Further- 
more, they were unsure how to approach industry. To 
some extent, this perception of the lack of immediate 
relevance of their research to Industry is correct. 
Many science-based companies are quite comprehen- 
sive in their attempts to keep themselves apprised of 
research related to their interests. Through technol- 
ogy scanning activities, industry discovers those in the 
university community doing research of interest to 
them. They develop contacts with these individuals 
and may even ask them to be consultants. Industry 
will send recruiters to those campuses they believe are 
training graduates of interest to the company. These 
recruiters will talk with professors and determine who 
might be doing research of interest to the company, 
then bring the information gathered back to the com- 
pany scientists. 



Despite the extensive networks developed be- 
tween university and industry, both parties still express 
a helici that opportunities are being missed. Many 
stated that new collective industrial actions to support 
university research, such as the Council for Chemical 
Research, are a major step to facilitate communication 
(see Chapter IX, pp. 81-82). University scientists in 
particular were concerned about establishing a perma- 
nent mechanism to riiatch academic research interests 
with companies. Some suggested that there should be 
an Information clearinghouse. Several thought that the 
trade associations or professional societies could play 
a more active role in facilitating communication be- 
tween tlie two sectors. 

Company scientists were not as concerned with 
being unaware of research opportunities as they were 
witli being misunderstood. They expressed more fre- 
c|uently a concern with a gap in understanding with 
regard to the attitudes of the professors, rather than 
a gap in communication per se. 

9. ['Ajuitif 

The increasing awareness on the part of universi- 
ties, that conscious efforts to derive income from uni- 
versity research may be worth the efforts, has caused 
several universities to consider seriously active ou^ier- 
ship of some portion of a new business development 
arising from university research. 

Equity participation by a university in a new busi- 
tiess development arising from university research 
could in fact provide a source of income that is related 
to university functions. But this raises very serious 
questiotis coticerning the status, treatment and re- 
cruitment of faculty whose work might lead to such 
comtiiercial exploitation. The efforts required for a 
typical university faculty to act effectively along these 
lines are considerable. Equally disturbing is the pos- 
sibility that universities would act to inhibit research 
publications pending evaluation of commercial poten- 
tial. There is a further basis for disruption if the desire 
for commercial exploitation ever became a factor in 
accepting graduate students. There could conceivably 
be limitations on foreign students who could return 
to other highly Industrialized countries with the latest 
state-of-the-art in biology or microelectronics, and 
there could be barriers to students sponsored by cor- 
poratiotis which are competitors of a major sponsor 
funding particular areas of research. There could 
he a temptation for universities to take this so seri- 
ously tliat tliey become involved actively In the com- 
mercial development process itself, and participate in 
decisions concerning markets, financing, and busi- 
ness planning. 

Considering our discussions with university repre- 
sentatives, this is very unlikely at the present time. But 
tlic above concerns have been voiced by both com- 
pany and university representatives. 



E. The Significance of Current University/ 
Industry Coupling 

Despite the vitality of the university/industry sys- 
tem, we have no evidence contrary to previous figures 
indicating that industry in total provides a very small 
percent of direct funds in support of university activi- 
ties. Even if you add corporate philanthropic funds des- 
ignated for research to those given in direct support of 
research, most universities (80%) receive less than 
10% of total university R&TD expenditures from indus- 
try (Table 32). There is room for general improvement 
in cooperative research and some industrial sectors 
may have underutilized the university as a resource 
(Tables 17 and 15, pp. 50,48). 

Dialogue between academia and industry has in- 
creased and there seems to be greater discussion of 
their common interests and problems as well as their 
respective individual goals. This has apparently led 
to a greater frequency of professional contacts be- 
tween the two sectors. Because of the importance of 
prior contacts in the initiation of coop erative research 
programs, (Tables 4' 6f 5, p. 19) this opening up of 
communication channels maybe extreni*/!y important 
for ensuring stable growth of cooperative ar iivity between 
university and industry scientists in the future. 

In fact, there are extensive connections between 
industry and academia. But this is not true for all 
industries (See Cliapter VIII.) Turtliermore, although 
there is a wide spectrum of companies that interact 
with universities, there are very few who do so on a 
significant scale and a continuing basis (Table 16). 
Currently, as well as historically, the most active indus- 
trial group in all forms of university research support, 
and particularly in cooperative research interaction, is 
tlie chemical industry (Table 17, p. 50. See also Chapter 
VIM, pp. 54-57.) In order to increase university inter- 
actions with some industry sectors, programs which 
address the structure and/or science base of the 
industry must be developed. 

It is not clear whether external stimulus is neces- 
sary for current activity in university/Industry coupling 
to continue or expand. We have seen that some degree 
of federal support can be helpful, and has been critical 
in many instances. However, the partners themselves 
have been the key elements in successful program 
development. Government, as a facilitator, can ensure 
that there is an appropriate climate for cross-sector 
networking, and may provide circumstances for in- 
creasing contacts between the two sectors. The signil- 
cance of the many new universit^'/industry programs 
may be that new channels of communication have 
been opened not that they are helping overcome tight 
federal fiscal policies. 

Decline in federal funding for basic research can- 
not be fully compensated for by industry. The U.S. 
research system would be strengthened if university 
and industry could mutually agree to cooperate in 
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Table 32 

An Estimate of Industrial Support of University Research Expenditures 1980 



Total Estimated 
Corp. Res. 







Est. of 


Industrial 


Est. Total Corp. 




Suppor 






Corporate 


R&D Support 


Res. Support 




Expressed 




Corporate 


Voluntary Aid 


Primarily 


Incl. Gifts 


Total 


Percent of ' 




Voluntary 


to Educ. going 


Grants 


& Contracts 


University R&D University 1 


University 


a;J to Educ. 


to Research 


& Contracts 


(Col's 2+3) 


Expenditures 


Expenditu 






(Number in Thousands of Dollars) 






Carnegie Mellon University 


5.124 


382 


5,010 


5,392 


29,305 


1 0.4 


University of Arizona 


19,796 


6,755 


5,923 


12,678 


69,095 


1 O.O 




5,409 


3,936 


2,263 


6,199 


39,91 7 


1 O.O 




2,573 


200 


497 


697 




1 O.O 


Pennsylvania State University 


4,056 


2,658 


7,842 


10,500 


71,840 . 


14.6 


University of Rochester 


3,670 


192 


7,869 


8,061 


65,845 


12.2 


University of Southern California .... 


7,178 


1,522 


7,462 


8,984 


74,304 


12.1 




1 QQQ 


8 


1,076 


1,084 


9,413 


11.5 




b,^4b 


5,924 


3,404 


9,328 


83,274 


11.2 




3,493 


802 


602 


1,404 


12,628 


11.1 


Georgia Institute of Te hnology 


3,044 


55 


6,243 


6,298 


56,653 


11.1 


University of Michigan 


10,409 


5,854 


6,145 


11,999 


111,316 


10.8 


Massachusetts Institute of 
















16,191 


6,102 


11,402 


17,504 


163,566 


10.7 


Louisiana State University 


7,015 


4,324 


1,267 


5,591 


53,058 


10.5 


University of Delaware 


1,855 


976 


702 


1,678 


16,746 


10.0 


California Institute of Technology . . . 


4,992 


2,144 


1,993 


4,137 


43,259 


9.6 


Rensselaer Polytechnic Institute . . . . 


4,765 


0 


1,394 


1,394 


14,824 


9.4 




3,651 


933 


4,756 


5,689 


61.765 


9.2 


Case Western Reserve University ... 


4,774 


1,822 


1,790 


3,612 


40,688 


8.9 




16,137 


3,192 


3,995E 


7,187 


1 00,901 E 


7.1 


University of North Carolina, 














Chapel Hill 


2,771 


1,028 


1 .370 


2,398 


38,924 


c n 


Colorado State University 


3,604 


23 


2,505 


2,528 


AH R7Q 


u.^ 




980 


0 


1,126 


1.126 


18,366 


6.1 




2.497 


20 


467 


487 


8,029 


6.1 


I Iniupr^itv nf Minnp^nt;^ 


7,083 


2,472 


4,352 


6,824 


119,065 


5.7 


Stanford University 




3,034 


3,215 


6,249 


113.120 • 


5.5 


University of Texas. Austin 


6,355 


2,416 


1,237 


3,653 


78,621 


4.6 




c r\Qr\ 


3,658 


2,615 


6,273 


138,227 


4.5 




5,222 


856 . 


779 


1.635 


39.066 


4.2 




o,U3 1 


669 


423 


1,092 


27.821 


3.9 


University of California, 














Los Angeles (UCLA) 


6.461 


3,119 


NA 


3,119 


88,934 


3.5 




4,600 


1,160 


582 


1.742 


71.446 


2.4 




5,653 


579 


402 


981 


58.436 


1.7 


University of California. San Diego . . 


4,765 


NA 


NA 




14.824 




John Hopkins University 


3,657 


NA 


NA 




253,204 




University of Washington 


NA 


NA 


3,830 




111,858 
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Table 32 — Continued 
An Estimate of Industrial Support of University Research Expenditures 1980* 



University 

Washington University 

North Carolina State University 
University of Utah 



Corporate 
Voluntary 
Aid to Educ. 



NA 
NA 
NA 



Est. of 
Corporate 
Voluntary Aid 
to Educ. going 
to Research 



Industrial 
R&D Support 

Primarily 
Grants 
& Contracts 



Est. Total Corp. 
Res. Support 

Incl. Gifts 
& Contracts 
|Cors2+3) 



Total 



Total Estimated 
Corp. Res. 
Support 
Expressed as a 
Percent of Total 



University R&D University R&D 
Expenditures Expenditures 



iNumber in Thousands of Dollars) 



NA 
NA 
NA 



1,029 
1.800 
851 



59,379 
42,725 
31J75 



SOURCES OF INFORMATION: 

NSF: Academic Science R&D Funds FY 1980. Table B-16 

CFAE 1980-1981. Voluntary Support of Education 

CFAE data tdpes and discussions with CFAE representatives 

•Excluding capital gifts 

the feasibility iind developmental potential of basic 
concepts. 

Academic science and engineering, in fact is not 
a productive force (see Chapter II), it is a pursuit for 
understanding, and as. such calls for exploration of 
a wide variety of alternatives. The productive force 
relates to the mechanisms of screening these alterna- 
tives after their characteristics have been t^etter revealed. 
Industry, in some sense cannot be expected to fund 
broadly-based exploration, but it is of great value to 
industry to be able to tap into this exploration. Indus- 



try can and should be able to fund the screening and 
testing of alternatives. 

It is our judgment that there are no insurmount- 
able barriers to university/industry cooperation. But 
the issues must be addressed carefully and non- 
negotiable items (freedom to publish for universities 
and proprietary information for industry) must be fully 
understood. The interests of each party must be 
placed on the table immediately. Understanding the 
useful boundaries of these interactions is critical to 
successful outcomes. 
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CHAPTER XI 



THE FUTURE OF UMIVERSITY/IMDUSTRY 
RESEARCH COOPERATIOM 

This study was Intended to provide Information 
rather than recommendations, nevertheless, our sur- 
vey led us to Identify a number of subjects which 
appear to form the principal areas for discussion, 
action and change in the years ahead. The emergence 
of these topics— some we would call call opportunities, 
others concerns or Issues — does indeed constitute a 
major development in the broadening research re- 
lationships between university and industry. 

In this section, we attempt to set down the nature 
of these subjects from the collective perspective of the 
informed observer with knowledge of both university 
and industry objectives and needs. Our primary con- 
cern is with the optimum role of university/Industry 
cooperation In our society and the factors which affect 
this. 

A. Changes in Government Funding 

There are a number of key relationships between 
government funding of university research and/or 
traitiing, and research cooperation between university 
atid industry. The simplest, of course, is that a decline 
in government funding for a particular area, or even a 
perceived decline, can be a powerful stimulus for ini- 
ti^ning university actions to attract industry attention. 

Lower government funding across the board will 
reinforce the pressures for university/industry coop- 
eration, and will increase the role of the private sector 
in attracting research efforts to particular areas and In 
guiding career patterns for graduates. Such responses 
will presumably extend the role of the university In Its 
contributions to society and to economic growth. ■ 

These contributions, however, require a minimum 
stable base of university research capabilities— faculty, 
facilities and graduate students. To a large degree, the 
government has provided support for this base and 
the broad spectrum of science, basic and applied, that 
Is necessary for the long term national Interest; in- 



deed, no realistic expectation exists (David, 1981) that 
Industry can support that base by replacing govern- 
ment funds. 

Even in areas of science where the private sector 
can reasonably be expected to support a larger pro- 
portion of the research cost, the government will most 
probably continue to provide for the underlying tech- 
nical infrastructure of university research capabilities. 
Industr/s willingness to strengthen university research 
cannot be interpreted as being a commitment to pro- 
vide for the basic university structure. In fact, if govern- 
ment funding drops too drastically, the present system 
for university/Industry cooperation itself would very 
likely be Jeopardized. 

What must be the minimum research base at 
universities, and what is the appropriate mix of fund- 
ing sources? The approximate current level of $6 bil- 
lion annually in total R&D conducted at universities, 
with about $300 million funded by industry, may not 
be sacrosanct in either absolute amounts or as a 
proportion of the national R&D expenditures, never- 
theless, even If industry funding were to rise to, say, 
$600 million annually, the effectiveness of that sup- 
port to achieve scientific progress and graduate train- 
ing would still require a substantial base of university 
research. But there must be some level below which 
there would be serious damage to the long-range 
stability and productivity of the research enterprise. 

In summary, industry funding itself Is based upon 
the existence of a stable university research com- 
munity, and this in turn depends today on a substan- 
tial level of support from the federal government. The 
precise level of that support Is arguable, but a con- 
sensus as to an approximate range of this support, 
and the mechanisms by whi/ch It is provided, appears 
essential to the strength of university research In gen- 
eral, and to the encouragement of university/industry 
cooperation. 

There is a second issue. Even if research funding . 
is not cut, it is likely that there will be substantial shifts 
in government funding so that a larger proportion of 
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these funds will come from mission-oriented agencies, 
for example, the Department of Defense. Such shifts 
aui be larc^c cnoucili to affect the direction of univer- 
sity rcscarcli for many yccirs to come. These changes 
can affect future university/industry research coopera- 
tion both directly.and indirectly by influencing the 
career choices of graduate students. 

Mnally, as a third issue, there is the effect of 
decreased govt:rnment support upon other programs, 
specifically student aid and fellowships. Although 
largely beyond the scope of this study, it can be 
observed that, just as industry support is based upon 
a stable university research community, there is an 
obvious dependence of that research community upon 
a financially sound total university system. Further- 
more, cooperative research arrangements are often 
attrijctivc because the university has a highly talented, 
relatively inexpensive graduate student work force 
upon which to draw (Chapter VII, pp. 34-36). The sta- 
l)illty of the total system is clearly a fundamental 
concern for future industr>'/university relations. 

[5. Commercialization of University Research 

Tliere is an increasing sensitivity on the part of 
universities— faculty and administration— to the op- 
portunity for obtaining income from the commerciali- 
zation of university research. Universities have evol ed 
a moderate source of income over the years from 
licensing of patents based upon this research (see 
Chapter IX, pp. 104-105). Expansion of these activities 
at many research oriented universities has taken place 
in recent years and may be leading to increased in- 
come (Table 29, p. 105). 

A significant development lies in considerations 
related to some form of university equity participation 
in tiew ventures derived from university research. Such 
demands are producing debate within the university 
system itself concerning its structure, objectives, and 
value systems (see Chapter X, pp. 1 10-1 12). 

Concern aoout finances creates a steady pressure 
for universities to move towards activities providing 
tiew sources of income through commeri^Ialization of 
university research. The changes in government fund- 
ing increase this pressure. Additional stimulus comes 
from the concern for attracting and holding faculty in 
financially lucrative fields such as biotechnology and 
computer sciences, and in the search for new mech- 
anisms to permit this. Further impetus comes from 
the several dramatic examples of new ventures in the 
field of molecular biotechnology, which have attracted 
large amounts of financing from corporations and 
investors. 

The debate within the university centers on how 
the university can obtain added income from partici- 
pation in commercial ventures while maintaining its 
integrity and basic values. Serious questions arise con- 
cerning research priorities, criteria for selection of 
faculty, selection of graduate students based upon crit- 
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eria related to ultimate commercial interests, effect 
of secrecy in research on community interaction and 
information dissemination, and the possibly damag- 
ing effect on university/industry i lations of university 
equity participation in new ventures. 

There is presently a sense of experimentation 
concerning mechanisms for a university role in new 
business development from licensing through equity. 
An integral aspect of this experimentation is the 
growth in research institutes or other structural enti- 
ties in which commercial linkages can be pursued 
without disrupting the university structure (see Chap- 
ters IX and X, pp. 106-107 and 110-113). Whatever the 
outcome of this experimental period, the future uni- 
versity approach to commercializing its research will 
set an important boundary condition for cooperation 
with industry. 

C. Instrumentation and Research Facilities 

The condition of the physical infrastructure of 
university research is both a cause and effect of rising 
research costs. Modern research depends upon ad- 
vanced instrumentation, so that the capital cost per 
researcher is increasing. Yet the budget limitations of 
the university research system has led many research 
administrators to hold back on modernization in 
order to maintain their research staff. 

The strengthening of this physical infrastructure 
is a critical issue today, and will remain so. It affects 
both the training and research objectives which are 
sought by industry in its relationship with universities. 
The adequacy of university research facilities can serve 
to stimulate or discourage industry cooperation. 

These circumstances give rise to the complex issue 
of how a university should allocate a fixed amount of 
research resources. The steady iiicrease in full-time 
equivalent professional personnel engaged in R&D 
activities at universities since the mid-1970's (c/. Sci- 
ence Indicators. 1978) has been coupled with the 
growing concerns about the obsolescence of research 
facilities and equipment valued at over $10,000. A case 
can be made that research "productivity" at universi- 
ties could have been increased by spending more 
money on instrumentation and using fewer research 
personnel. Yet, if actions had been taken along these 
lines, they would then conflict with two other factors: 

(1) The principal research personnel at universi- 
ties are generally teaching faculty members. Therefore, 
changes in research personnel will affect the univer- 
sity educational structure as well, 

(2) Administrative constraints and regulations on 
the allocation of funds may not leave the university 
free to apportion them in order to obtain the optimum 
distribution between research personnel and facilities. 

# These issues suggest several topics for considera- 
tion. 
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(1) Identifying means to earmark funds for re- 
scarcli fiicilitics and instrumentation. 

(2) Dt'lcrminiiui ways to provide funds to selected 
iest!«uch institutions lor the maintenance and opera- 
tion of instrumentation. Constraints on tiie allocation 
of the resources for instrumentation and facilities 
liicililicjhts the need for the creation of rational priori- 
ties ol investment among the many researcii areas, 
and adequate assessment of the desired level of uni- 
versity research capabilities relative to specific indus- 
trial sectors. 

(3) Identifyincj the appropriate mechanisms for 
encouriiyiny shared instrumentation. 

An excimple of the difficulty of finding up-to-date 
instrumentation in universities is in the field of micro- 
electronics. Research facilities in the private sector are 
far superior to the general level of those at most uni- 
versities. Implicit in this situation is that the universi- 
ties ciinnot be lull partners to industry in this rapidly 
developing industr>' where the U.S. must fight to keep 
its competitive eclye. furthermore, students will not be 
trained on state-of-the-art instrumentation, nor will the 
university be able to maintain appropriate cadres of 
faculty willing to forego lucrative industrial positions. 

1 wo mechanisms to improve the university's abil- 
ity to function in microelectronic technology involving 
industry are operating, and may serve as examples for 
other fields. One is a more conscious effort by both 
university and industry to identify equipment within 
industrial laboratories that can be given to universi- 
ties. Tliere are difficulties with this approach, however, 
and tliis will still not equal the most advanced indus- 
trial facilities, but can be a marked improvement over 
existing university capabilities (see Chapter IX. pp. 68-69). 
A second iiiechatiism is the effort to concentrate activi- 
ties requiring specialized research instruments and 
facilities at research centers connected with universi- 
ties (see Cliapter VIII, pp. 58-60). 

D. Changing Requirements for Technical Personnel 

We are in a period of extreme personnel short- 
ages in particular areas, and anticipate continuing and 
emerging shortages in others. Simultaneously, there is 
poor demand and underemployment in some tech- 
nical disciplines. This situation defines several issues 
related to the tiature and extent of university/indus- 
try cooperation. 

The work of this study has already emphasized 
that the primary objective of industry in its interac- 
tions with the university system is the production of 
new graduates (Chapter VI 1, p. 34). Current and antic- 
i[)aled shortages may serve to focus this ol:>jective 
more sharply. 

The demand for technical personnel has been 
cyclical in tfie past, with peaks in World War 11 and 
from the late I950's to 1970, followed by sharp drops 
after tfie Korean War and in the early 1970's. And 



individual fields of science and technology have had 
their own ups-and-downs relative to other fields, ap- 
pearing almost as short-term perturbations within the 
general cycle of supply and demand. Some fields of 
biology, e.g., dentistry, are in little demand today while 
geneticists are in critically short supply. Particle physi- 
cists do not have the employment opportunities open 
to solid state physicists. 

It is necessary to determine which aspects of the 
technical personnel situation are transient and which, 
if any, represent a long-term problem. The solutions to 
the problem depend on this analysis. 

Industrial demand for technical personnel ap- 
pears to be affecting the traditional university struc- 
ture in two ways: 

( 1 ) Fewer doctoral candidates: graduates in com- 
puter sciences with bachelor's or master's degrees are 
going directly to industrial careers, with a smaller pro- 
portion than expected going on to a doctorate. This 
diminishes the pool of those pursuing advanced re- 
search and/or those available as future faculty. 

(2) Drain of advanced university personnel: in 
both computer sciences and genetics (as well as some 
engineering disciplines), both faculty and new doctoral 
graduates are turning to industrial positions. This 
drain to industry raises critical questions about the 
resources available for training needed future grad- 
uates and maintaining the desired research base at 
universities. 

The problems are well-identified today, which is a 
first step towards solution. It is a healthy sign that 
they are being raised in as many articles and talks by 
industrial representatives as by university presidents. 
Such concerns will be a principal focus for university/ 
industry relations for the foreseeable future. They will 
call for constructive experimentation, some of which is 
already taking place. 

Concern for graduates has already influenced the 
rules for funding distribution of the new Council for 
Chemical Research, a university/industry collabora- 
tion being formed by the chemical industry. The orig- 
inal intent was for industry to commit annual funds on 
the order of $30 million for suppor;t of basic research 
in an PiSF style, that is, in response to research pro- 
posals from universities. The most recent proposal for 
distribution calls for the allocation of funds to major 
research-oriented universities in proportion to the 
number of masters and doctoral level graduates pro- 
duced (Chapter IX p. 82). One cause for this shift is 
the concern that the organization should not unduly 
infiuence the direction of university-based research, but 
the shift is also a recognition of the growing problem 
of turning out needed graduates. 

Another approach is the recently announced pro- 
gram of the Exxon Corporation to provide $15 million 
towards augmenting the salaries of junior faculty and 
providing student fellowships in particular depart- 
ments of selected universities. The objective is pre- 
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suniably to decrease the gap between university and 
indiistr>' salaries io a more acceptable level, not to 
cliniiniitc it, in oukw lo encourage faculty careers in 
critical areas. 

We have noted in this study a desire for increas- 
ing use of such mechanisms as the loan of industry 
personnel to universities (Chapter IX, pp. 85-87). Use 
ol junior fciculty in summer programs within industry, 
or in consulting, are other methods being pursued 
as much to provide additional income as for fostering 
the specific research involved. 

Direct approaches, such as industry providing 
supplemental money and manpower to universities, 
may be expected to expand in the near future. If the 
problem continues, however, different structural ap- 
proaches will be necessary. Tor example. Dr. Omenn 
(1981) has suggested that the creation of university 
associated centers may allow engineering schools to 
hire "clinical" faculty similar to the medical schools 
who arc allowed to continue their ^practice" (e.g.con- 
tract work). Presumably, this could provide an opportu- 
nity for professionals to sustain high salaries while 
also teaching, and for students to have access to the 
latest industrial knowledge. 

E. Control of the Export of Technology 

This is a sensitive issue with broad ramifications, 
most of them well beyond tiie scope of this study. Yet the 
issues touch at the heart of university/industry inter- 
actions, namely, graduate education and research. 

There is a continuing concern with the overt trans- 
fer, as well as the inadvertent leakage, of advanced 
technology having military significance to potential 
adversaries. The issues are: 

( 1 ) How to separate technology of military impor- 
tance from technology of commercial importance, 
particularly when there is considerable overlap, and 

(2) How to decide when a strategic military advan- 
tage can be maintained and/or improved by secrecy 
aiid compartmentalization as against free access that 
will expedite advances by the entire research estab- 
lishment of the U.S. and friendly nations, as well as 
unfriendly ones. 

Some of the most advanced research in micro- 
electronics is being pursued at university research 
centers such as Cornell's submicron facility. MIT, and 
Stanford. There are significant percentages of foreign 
graduate students in these centers and in other ad- 
vanced research programs. Any attempts to control, 
and hence to restrict, these graduate students would 
obviously impede such research. Further, foreign grad- 
uate students constitute an important percentage of 
the hirings by the microelectronics industry, which 
has been complaining of acute shortages. 

It is clear that extension of export controls to 
graduate scliools would have adverse impact on re- 
search and on the production of graduate students. A 



broad definition of military concern would impair the 
ability of many industries to hire qualified graduates. 
There would be far more serious consequences if 
student access were limited based upon concern over 
the U.S. international competitive status, not only in 
electronic products but in biotechnology or any other 
technically-based industry. 

This is not the place to analyze the basis for any 
restraints on graduate students, or to demonstrate 
cause-and-effect relationships leading to technical 
superiority in either military or commercial fields. 
There is much emotion and insufficient understar^d- 
ing. It does, however, appear obvious that much of 
our advance in university research today is dependent 
on foreign graduate students,and that these students 
are in turn providing a necessary resource for U.S. 
industry. Any serious disruption of this process will 
be an equally serious obstacle to university/industry 
cooperation. 

r. Collective Industrial Activities 

We have referred to the concerns faced by univer- 
sities, and hence by industry, with regard to shifts and/ 
or declines in government funding, inadequacy of 
research instrumentation, and loss of faculty in critical 
areas. Among the possible approaches to easing these 
difficulties, although not a complete solution, is steadily 
increasing collective industrial activity in support of 
research. 

This collective activity is peculiarly American, quite 
different from the activity of European trade associa- 
tions. While almost every U.S. industry has a trade 
association, only a modest number support research 
(Chapter IX pp. 95-98). They operate typically through 
small grants to universities and other research institu- 
tions out of a total budget on the order of several 
millions of dollars. Only a very few industries collec- 
tively support research laboratories, such as the Tex- 
tile Research Institute at Princeton. Of course, clusters 
of individual companies have combined to support 
research institutes or centers (see Chapter IX. p. 82). 

In recent years, there have been a number of init- 
iatives by different industries to act collectively for the 
support of research on a much greater scale. The larg- 
est of these is the Electric Power Research Institute 
(EPRI), started in 1973 with a 1980 operating budget of 
$217 million. Piext largest is the Gas Research Institute 
(QRI), initiated in 1976. Its 1980 budget of $84 million 
is planned to increase to $140 million by 1983, primarily 
to complete particular development programs being 
cancelled by the Department of Energy. These two 
organizations represent the electric and gas utility 
industries respectively. (See Chapter VIII, p. 52). 

In the earlier discussion of changing require- 
ments for technical personnel, we mentioned the cur- 
rent effort within the chemical industry to establish a 
Council for Chemical Research. 
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Another recent initiative has been taken by the 
Scniicorulijctor hulnstry Association (SIA). A com- 
niiltcc ol tht: SIA is coordinatinc; an industry-wide 
conmiitrncnl to provide ijhoiit $25 million iinnuaily 
(or support of university-based K&D. The money is 
intended to cover a spectrum from scientific studies 
to process research. Most, perliaps all, of its funds 
will c}o to support a few of tlie university research 
centers emphasizing some aspect of microelectronics, 
a substantial number of which are now in existence, 
with others apparently being planned over the next 
(ew yeeirs. 

A different version of these collective efforts ini- 
tialed by itidustry is tlie industry-oriented institute ini- 
tialed by the university which is supported by several 
companies from difTerent industries (see Chapter IX, 
p. 82). 

riiere arc several issues related to these collective 
industr)' actions. First, the clear intent is to use col- 
lective action to supplement, not replace, support of 
university research by the individual companies. How 
best to do this, and how to maintain ties between the 
individual companies and the appropriate university 
personnel are subjects for continuing attention. In any 
event, it could provide an increase of total industry 
funding of university research of perhaps 30-50% of 
the funds now provided by individual corporations. 

Tlie second issue is what role the government 
might play as different industries collectively increase 
their own support of the science and engineering 
relevant to their needs. If the trend continues for col- 
lective industry action to identify and support relevant 
needs in a mission-oriented field, much of the justifica- 
tion for support of the mission-oriented research by 
the federal government would seem to diminish. The 
government might then intensify its support of the 
strong getieral infrastructure of basic science and 
techtiology. (Fusfeld, Langlois and Plelson, 1981). 

The third issue centers on the fact that collective 
itidustry actions will inevitably strengthen particular 
areas of basic science and engineering, and very prob- 
ably particular departments and universities. Industry 
Is free to concentrate its spending on the most appro- 
priate institutions in its fields of interest without 
political pressures. If suHlciently concentrated, such 
funding will have the same impact as the defense- 
related research of the 1960's when, for example, the 
very specific development of Materials Research Cen- 
ters supported by the Advanced Research Projects 
Agency (ARPA) of the Department of Defense helped to 
produce the strong university centers of that science 
today. The several centers that the Semiconductor 
Industry Association may choose to support in micro- 
electronics will very likely be the leading centers in 
this field. Further, the programs they pursue may well 
advance more rapidly than others in the field of micro- 
electronics. 
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The overriding issue, as we consider these new 
riiechanisms which increase industr>' support of uni- 
versity research, is how to insure that these added 
new efforts provide balance and new inputs into our 
technical base. The total level of industry support for 
the foreseeable future will be such that increased uni- 
versity/industry cooperation will certainly bring about 
technical change in selected areas. The federal govern- 
ment through its co'nveningand information gathering 
capabilities may furnish avenues for sustaining an ap- 
propriate balance. 



Q. rion-University Training 

There appears to be increasing activity in initiat- 
ing or expanding programs intended to provide some 
form of organized advanced education that do not 
involve the participation of a university. We are not 
considering a routine program for new industrial em- 
ployees to become adept with a particular facility, or a 
general internship to become acquainted with com- 
pany or research operations, neither are we consider- 
ing courses given under university control at an indus- 
trial site. 

We refer in this section to those courses orga- 
nized within industry, trade associations, or profes- 
sional societies which are intended to advance the 
technical background of individuals. These can fall 
into a number of categories, including the following: 

(1) A particular subject that would add specific 
knowledge in a new field for current employees, e.g. 
fiber optics. 

(2) A formal set of courses that would permit 
existing technical employees to keep abreast of new 
advances in their own field, or provide the basis for 
converting to a new field. 

(3) A formal set of courses for new employees 
that would bring them current with the theoretical and 
experimental state of the art in industry, assuming this 
was more advanced than their previous university 
training as, perhaps, in computer sciences. 

(4) A formal degree-granting program run by a * 
company or industry for either current employees who 
wish to advance themselves, or potential new employees 
required by the company or industry. For example, 
the General Motors Institute is certified by the State of 
Michigan to grant bachelor degrees. More recently, the 
Wang Computer Company established the Wang Insti- 
tute, with the intention of granting advanced degrees. 

The first two categories have been common over 
the years. They address questions about obsolescence 
of individuals or the decline in relevance of technical 
fields. While these problems are often solved with the 
cooperation of nearby universities, they may indeed 
be organized by a company or industrial organization 
In order to tailor the material to the knowledge avail- 
able within that company or organization. 



G. The second two categories, however niay take on 
more significance in terms of the ability of universities 
to deliver servi( es in r.ipidly advancing high technoi- 
oci>' industry fields. I'o some extent, they address the 
questions of personnel shortages in these fields, of 
loss of faculty that could teach these subjects in a 
university, and of the university lagging behind indus- 
try in the use of the most advanced research facilities 
in actual Knowledge. If the problems engendering the 
apparent growth in industrial training programs (see 
Chapter IX, pp. 93-95), are short-term, the issue and 
the mechanisms will disappear or at least level off to 
find a modest place in our technical structure. If the 
problems remain, or even if the mechanisms remain 
at a high level as a continuing feature of technical 
training, then a new set of questions arise for the 
university, and for the university/industry cooperation. 

There are clearly opportunities for training out- 
side the utiiversity structure that can complement the 
university's role. Occasionally, industry is at the van- 
guard in d^^veloping exploratory or innovative teaching 
programs that can point the way to new initiatives for 
the university. The growth of such external programs 
should at least stimulate both analysis and introspec- 
tion by universities in examining their optimum role 
in society generally, and with regard to industry in 
particular. 

\\. Internal Structure of Universities 

The primary and unique function of the univer- 
sity is to provide students with a broad range of 
degree-granting disciplines and curricula. A principal 
additional function, particularly within the graduate 
schools, is the pursuit of research. In the graduate 
schools, the interdependence of these two university 
objectives, education and research is critical. 

Although industry interacts with universities for 
the same objectives and with the same order of priori- 
ties, its own structure and organizational approach to 
research is different than that of a university (see 
Chapter VI, pp. 26-31 ). One can reasonably expect that 
some organizational structure within the university is 
optimum for the objective of encouraging and improv- 
ing the effectiveness of such interactions. It seems 
equally reasonable to expect that this would not be the 
same structure which is optimum for the traditional 
internal operations of the university. The issue raised 
as a factor in future university/industry cooperation is 
whether and how to modify the university structure to 
maintain the strength and integrity of its basic func- 
tions while attempting to meet changing external con- 
ditions and internal pressures. 

There are many structural aspects to a university. 
Among the more important are: 

1 1 ) Grouping of scholars by disciplines, with aca- 
demic eidministrators responsible for traditional dis- 
crete schools. 



(2) Appointments bestowed by departments. 

(3) Tenure granted by faculty within a depart- 
ment, generally tied to teaching obligations and tuition 
income. 

These elements have evolved with the growth of 
the modern university. They are at the heart of the 
freedom and objectivity of scholarly research, they 
eticourage and strengthen individual research and 
they should tend to produce a conservative financial 
base and create barriers to fads in either training or 
research. 

Unfortunately, they also form disincentives to 
interdisciplinary research, which focuses on a mission 
or objective that may call for coordination of contribu- 
tions by many disciplines. Yet that is precisely the 
essence of industrial research. Industry relates its 
technical needs to business planning in terms of pro- 
ducts and processes, and sets technical priorities in 
terms of properties and specifications, not scientific 
disciplines. 

This is hardly a fatal defect. But it is a factor, an 
impedance mismatch," that detracts from maximiz- 
ing university/industry cooperation. This constraint 
works in two ways. First, the universit>' scientist does 
not see the overall problem facing industry. The indus- 
trial research manager must decompose the broad 
objective or problem into its scientific components, so 
that the component matches the research interest of 
the academic researcher. Thus, the university researcher 
may miss the opportunity to contribute to a broader 
issue than that within his immediate specialty. The 
whole may in fact be greater than the sum of its parts, 
and the university researcher may not be exposed to 
this broader picture. 

Second, from a highly pragmatic viewpoint, indus- 
try can assign value more easily to a mission or objec- 
tive than to a research component. Increased funding 
might be available more readily if the university' system 
could approach industry on this basis. This would not 
have to take the form of shifting from basic to applied 
research. It would, however, change the emphasis from 
the independent scientist doing undirected basic 
research to greater emphasis on scientists coop- 
erating in what we would term directed basic research. 

This brings us back to our initial remarks opening 
this section as to how far the university structure can 
or should be modified. Obviously, the university sys- 
tem is not in existence to provide the best possible 
match for industry needs. If it does not maintain its 
strength and freedom for independent scholarly re- 
search, then It has lost its uniqueness. The issue 
before the university is to be aware of the interdis- 
ciplinary approach inherent in industrial research and 
explore its own fiexibility to meet this. 

This exploration is evident in the creation of re- 
search centers and institutes to form a type of matrix 
structure at some universities. Wliere these institutes 
are within a well-defined department or school, they 
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tend to lack the broadest attributes of a mission- 
oriented structure. VVlicre they are free of this con- 
straint, there tend to he straitis i:)etween those per- 
sonnel on research appointments to the institute and 
the traditional department appointments. These are, 
in short, problems to be resolved. 

This last item relates to the question of tenure 
appointments and criteria. While there has been steady 
growth in university personnel engaged in K&iD since 
the early 1970's, these do not normally represent 
career opportunities unless tied to teaching programs. 
This is a critical structural question for the universi- 
ties, particularly in areas of shortages of teaching per- 
sonnel, if industry v^^ere to make substantial funds 
available for research in particular areas, but the uni- 
versities could not make tenure-track appointments, 
there would probably be little change in the research 
aipabilities of the universities. 

I. Conduct of Large R&D Programs 

One mechanism for university/industry coopera- 
tion is their mutual participation in large R&D pro- 
grams. In the past, these have arisen in the public 
sector, with such examples as the Manhattan Project 
or the Apollo Program. It is conceivable that other 
large programs can arise more closely related to pri- 
vate sector plans, but possessing substantial public 
interest. These might include activities in the energy 
fleltt, c.fj., synthetic fuels, or a major cooperative 
effort in robotics. 

Whatever the subject matter, opportunities can 
arise where many institutions must work together 
toward a planned set of objectives. These programs 
will very likely require that some efforts be devoted to 
basic research, although these will, by definition, be in 
the realm of 'directed basic research." Thus, in the 
early developments in ato ic energy, it became essen- 
tial to know more about the effects of radiation on 
solids, alKHJt the theory of diffusion processes, about 
metiil How processes at high rates of deformation, and 
so on. The common element was that these advances 
in basic knowledge were important to the funding 
agency and to a wide spectrum of the technical com- 
munity, not simply to the researcher. 

Tlie urgency of war, or the broad acceptance of 
society's commitment to land a man on the moon, 
were sufficient to overcome the disincentives of the 
university departmental system with regard to two 
operational character istics: 

( 1 ) The university accepted, through an adminis- 
trative officer or senior faculty member, responsibility 
for program management for a ' package" that encom- 
passed different units within the university, and in 
some instances units external to the university. 

(2) University research programs were geared to 
ot)jectives that meshed with those of a broader system. 



There is presumably no reason why such involve- 
ment by universities in future large-scale research pro- 
grams directed toward industrial interests could not 
occur. However, it is very likely that new programs 
would be initiated and managed by industry. The mix 
of government funds and private funds would depend 
on the program. 

Such programs would fall in between a public sec- 
tor program such as Apollo and a major effort by a 
single large corporation. There would be some form of 
consortium or cooperative effort, and there could be 
an important role for university research. The new 
initiatives in collective industry programs (e.g.. SIA, 
CCR) could be the forerunners of such programs. 

The issues here relate partly to the structure of 
the university, partly to the philosophical approach. 
The university research participants would be part of a 
'"team," and objectives would be worked out coopera- 
tively in the best sense of a broad attack on a scientific 
problem. 

The willingness and the ability of a university to 
participate in large research programs could be an 
important factor for future university/industry coop- 
eration. Even more, it could be a mechanism for the 
university to contribute substantially to major systems 
for technical change in our economy. But it will surely 
require the type of adaptations within universities 
called for in the Manhattan Project, rinding a realistic 
niche for that approach in the universit>' structure can 
be an important challenge. 

J. Sources of Technical Change 

A fundamental issue to consider is the role of uni- 
versity research in bringing about technical change in 
our society, and the related question of the contribu- 
tion of university basic research to the flow of basic 
research from all sources. A realistic appraisal of 
future university/industry cooperation must be based 
upon an understanding of the importance of university 
research to current industry operations, near term 
plans, and longer range interests. 

Technical change takes place over a broad and 
relatively continuoi's spectrum. We normally describe 
this ' from left to right" in terms of basic research, 
applied research, development, design, testing, and on 
through the manufacture of products, installation of 
processes, or delivery of services. This is convenient 
for the purposes of description, but should not be 
taken as the necessary, or even the most common, 
chronological order or cause-and-effect relationship. 
The stimulus for basic research and for new scientific 
concepts often arises from problems encountered in 
practical uses of technology (Fusfeld, 1976). further, 
development of advanced instrumentation may be a 
iieccssary stimulus to such research. 

One general truism, however, is that technical 
activities at universities focus on basic research, while 
those in industry focus on applied research and devel- 
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opincnt. rievcrtheless, there is actually a distribution 
o\ activities in each sector, though obviously skewed. 
And this skewed distribution becomes an interesting 
factor in university/industry relations. Specifically, the 
fact that universities engage in many applied research 
activities, and that industry does pursue some basic 
research programs, must be understood to avoid an 
over-simplified view of the functions pursued by each 
sector, and hence of the factors underlying future 
university/industry interactions. 

The university uniqueness and internal reward 
system derive from its basic research activities. Yet 
there are necessary peripheral efforts that involve 
instrument development, preparation of computer 
software and, in the engineering schools, process 
design and pilot plant operations. Thus, the university 
can indeed present a broader interface for coopera- 
tion with industry if it so desires. We expect and iiope 
that the present spectrum of university objectives will 
be evident in a multitude of approaches. Universities 
can package more interdisciplinary programs should 
that decision be made compatible with their internal 
structure, and some may choose to present a wider 
array of services, provided this would not distort the 
university function. Industry would respond positively 
to the increased points of contact according to indi- 
vidual company objectives, provided these were pre- 
sented in addition to, not in place of, university status 
in basic research. 

Perhaps a more significant feature resides in the 
conduct of some basic research activities by industry. 
Tliis must be viewed in the context that major indus- 
trial firms conduct those technical activities necessary 
to support present business interests and provide a 
basis for planned growth. Where such activities call 
for some allocation of resources to basic research, 
this is done. The point is that industry tends toward a 
self-sufficient balance, allocating all resources in some 
appropriate proportion to each other, including tech- 
nical activity, and including within that basic research, 
where appropriate. 

Thus, to carry out any current business plan, a 
corporation does not need outside basic research, 
such as might be performed at a university, although it 
does need well-trained, capable university graduates. If 
it needed such research activity, if the corporation's 
current business plan depended on it, then such activity 
would be pursued internally or, when economic, exter- 
nally at the initiation of the company. Our studies show 
that the latter case accounts for a very small ^ ropor- 
tion of industry-funded research at universiti es 

However, corporations will normally u;an( : ^vc 
basic research pursued at universities, and are more 
and more willing to support this activity. But it Is ab'^o- 
lutely critical! in the evolution of university/industry inter- 
actions for universities to appreciate this distinction. 

Technical change is introduced into economic use 



by industry. For the most part, this is accomplished 
through a purposeful industrici' research structure. 
This research structure is immersed in a sea of sci- 
ence and technology with whicli it maintains close 
contact, and from which it extracts new concepts and 
necessar-y technical data. A very important contribu- 
tion to this "sea" is the university. But the total input 
comes from all universities, U.S. and foreign; all un- 
classified outputs of government laboratories, U.S. and 
foreign; and all published or publicly available science 
and technology from private corporations, public and 
foreign. 

Given this complex and dynamic system, the uni- 
versity is in the position of contributing basic research 
that is both essential yet diffuse. It rnaintains the ad- 
vance and quality of the scientific base, and possesses 
collectively the highest probability for stimulating 
wholly new directions. But these values raise the level 
of our technical "sea" to the potential benefit of all 
who draw upon it, hence minimizing its competitive 
value to a single corporation. 

The future paths for university/industry coopera- 
.on will depend on the way that each university and 
corporation perceives the essentia! role of the univer- 
sity. Hence, it can be expected that many varieties of 
interaction will persist and develop. The preceding dis- 
cussion, perhaps more philosophical than called for in 
this study, was intended to prepare the background for 
a somewhat obvious, but often misunderstood, con- 
clusion. 

There is considerable opportunity for universities 
to work more closely with industry in research, to move 
from a position where the university' satisfies wants to 
where it satisfies needs. We speak in the short term 
sense, since a long term need may be considered only 
a short term want. In brief, the university can develop 
more of a partnership relation, adding greater imme- 
diate value to its technical activities. The compromise, 
of course, is fairly evident. As the university moves 
closer to a partnership w'.th industry, more resources 
can become available, but the university inevitably 
relinquishes some of its unique capabilities for unre- 
stricted exploratory research and freedom of action. 

There are no absolutes, and the is.sucs become 
one of degree and common sense. There is little free- 
i; ^m in the absence of resources. Thus, each university 
rvist work out the degree or partnership to achieve 
adequate linkages and resources. Too close a partner- 
lip with industry can be bad for long term growth, 
but too little can prevent the university from providing 
its optimum contribution. 

The primary requirement, therefore, is not so 
much increased partnership, but increased under- 
standing of each other's role. That is the ultimate basis 
for a healthy strengthening cf university/industry co- 
operation. 
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APPEfiDIX I 



List of the ninety-six institutions visited in this study 
(universities, companies and others). 



University Sample 



Public 



Private 



Great Lakes Area 



Purdue University 
University of Illinois 
University of Michigan 
University of Wisconsin 



Georgia Institute of Technology 



Case Western Reserve 
University of Chicago 



Southeastern 



Southwest & South Central 



Louisiana State University 
University of Texas (Austin) 
University of Houston 
Colorado State University 
Colorado School of Mines 



Washington University (St Louis) 
Rice University 



Middle Atlantic 



University of Delaware 
University of Maryland 
Pennsylvania State University 
Clemson University 
r.'orth Carolina State U.(Raieigh) 
UrJversity of north Carolina 
(Chapel Hill) 



Northeastern 



Johns Hopkins University 
Lehigh University 
Carnegie Mellon University 
Duke University 
Princeton University 



University of Rochester 
Rensselaer Polytechnic Institute 
Harvard University 
MIT 

Yale University 



northwest & Great Plains 



University of Minnesota 
University of Washington 



University of Arizona 
University of California 

(San Diego) 
UCLA 

University of Utah 



California & the West 



Stanford University 

University of Southern California 

California Institute of Technology 



130 



EKLC 



139 



Industrial Sample 



Aerospace 

United Technologies 
Lockheed 

Boeing 

rairchild Industries 

Appliances 

Singer 

Automotive (cars, trucks) 

General Motors 

Automotive 
(parts, equipment) 

TRW 

Building Materials 

Johns Manville 

Idea! Basic Industries 

Chemicals 

Monsanto 

E. I. Dupont de Nemours 

& Co. 
UOP Inc 
Dow Chemical 
Diamond Shamrock Corp. 
Allied Chemicals 

Conglomerates 
Rockwell International 

Containers 
American Can 

Drugs 

Burroughs Wellcome 
Alza Corp. 

Merck Sharpe fif Dohme 
Upjohn 

Electrical 

General Electric 
Westinghouse Electric 



Electronics 

Tracor, Inc. 
Ampex 

Varian Associates 

Food, Beverages 
General Mills, Inc. 

Fuel 

Exxon 
Shell 
SOHIO 
AMOCO 

Information Processing: 
(computers, peripherals) 

Hewlett-Packard 
Honeywell 

Control Data Corporation 
IBM 

Information Processing: 
(office equipment) 

Xerox 

Bell Laboratories 
Fisher Scientific 

Instruments (measuring 
devices, controls) 

Foxboro 
Perkin Elmer 

Leisure Time Products 
Eastman Kodak Co. 

Machinery 
(farm construction) 

American Hoist & Derrick 

Machinery (machine tools, 
industrial, mining) 

Cincinnati Milacron 



Metals, Mining 
Aluminum Co. of America 

Miscellaneous 
Manufacturing 

Borg Warner Corp. 
3M Company 
Ceramatec 

Oil Service Supply 

Dresser Industries 
Hughes 

Paper 
Crown Zellerbach 

Personal & Home Care 
Products 

Procter & Gamble 

Semiconductors 

national Advanced Systems 
Intel 

Signetics (Philips north 
America) 

Steel 

U. S. Steel 

Telecommunications 

Communications Satellite 
General Telephone & 
Electronic Corporation 

Textiles 

J. P. Stevens 

Tires, Rubber 
General Tire and Rubber Co. 

Tobacco 
American Brands 
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Additional Site Visits 

Research Contract Business 

Mathematical Sciences 
northwest 

Genetic Engineering Co. 
Qenex 

Government Agencies 

Office of naval Research 
national Science Foundation 
national Institutes of Health 



Software & Computer 
Graphics 

Evans and Sutherland 

Technical Services 
Terratek 



Research Institutes 

Electric Power Research 

Institute 
Scripps Clinic and Research 

Foundation 
Carnegie Mellon Research 

Institute 
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APPEmiX 11 
PROTOCOLS FOR SITE VISITS 



The following are examples of the types of questions 
asked during our Interviews of administrators and sci- 
entists at companies and universities surveyed in this 
study. 



NSr study: University/Industry Research Interactions 

Protocol for University Site Visit 

Our objective Is talk to key individuals involved in university/industry research interactions. We are interested in 
talking to those people responsible for initiating such interactions and those conducting research in the programs 
generated. Therefore, our visits sh.ould include discussions with appropriate administrators and heads as well as 
directors of and participants in joint university/industry programs. 

Genera/ Questions 

1. a. What do you perceive to be the problems and/or benefits that would result from university/industry 

research programs? 

b. Which of these barriers Is the most difficult to overcome and which of the benefits is the most important in 
encouraging university/industry research interaction? 

2. Do you prefer to participate in a federally sponsored program, an industry sponsored program, or an industry 
and government sponsored program? 

3. a. Would you tike to see an increase in joint university/industry programs? 

b. What is the ideal mix of industry and government support of university research? 

4. Do you compute overhead in an industry sponsored program in the same manner as you compute it for a 
government sponsored program? 

5. Describe the most outstanding type of interaction your institution (or you) has had with Industry. (Consider the 
following in describing the program: initiatioa structure, goods and outcomes) 

Questions for directors of university/industry research programs and participants in such programs 
1. Describe the sequence of events which lead to the establishment of the program. 

a. Did the program begin because of industry or university initiatives? 

b. Did the government play any role in the initiation of the program? 

c. Who specifically was responsible for starting the program? 

d. What was his/her (their) position in the participating institution(s) and how much time did it take to estab- 
lish the program? 

e. To what extent did previous cooperative activities (e.g., consulting, personnel exchanges) affect the initia- 
tion of this program? 

f. How were participants (both individual and institutional) selected? 

g. What effect did the proximity of the companies involved have on the establishment of the program? 

h. What processes were involved in establishing the program? Consider the following in describing the evolu- 
tion of the program: formation of advisory committee, delineating patent rights, new facility construction, 
geography, travel time and cost prior relationships, needs and benefits, barriers and constraints. 

i. What were the most important factors and critical incidents in brinqing about this cooperation and in pro- 
viding for its continuation? 

j. flow long has the program been in existence? 
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2. What were the specific objectives/goals when the program was established; were they achieved? 

3. How is the program structured and administered? 

a. What are the specific arrangements for staffing and administration? 

b. What is the program's relationship to the university administrative system? 

c. What is the research management structure? 

d. What is the number of decision-making levels? 

e. What are the roles of each partner in decision-making relevant to the determination of the projects budget 
staffing, changes in goals, etc.? 

4. What were the resource commitments arranged between partners? 

a. What are the funding commitments? 

b. Who is involved in the program and what is the mix of faculty, students, research scientists, and administrators? 

5. What were the problems/barriers and benefits/needs which governed the establishment of this program? 

6. What policies served as incentives or disincentives for your participation in this program? 

7. How much time do you spend on the program? 

8. What rewards did you expect to receive as a result of your participation on this program? What rewards did 
you actually receive? 

9. What do you see as the outcome(s) of these joint ventures? 
Questions directed toward administrators 

1. a. In what type of university/industry research interactions Cue::y your university (department) engage? 
b. What is your reason for participating in this type of intera( "ion? 

2. a. In what types of university/industry research programs do you prefer to participate? 
b. What is the reason for your preference? 

3. Which types of interactions do you think are most beneficial to tne university, to the company, to the depart- 
ment to the individual participants involved? 

4. What are the policies and practices of the uinivrrsily (your der- Li/ient) that serve as incentives or disincen- 
tives to establishing joint university/industry research progi- ' S? 

5. a. What are the formal and informal channels of ccmMu iication between your university (department) and 

industry in the vicinity of the university (and U.S. industry m general)? 

b. What effect does location have on your establishing or maintaining channels of communication? 

c. Does the character of industry in the vicinity of your university affect the research that goes on at the university.? 
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MSF Study: University/Industry Research Interactions 

Protocol for Industry Site Visit 

Our objective is to talk to key Individuals Involved In university/Industry research Interactions. We are Interested in 
talking to those people responsible for Initiating such Interactions and those conducting research In the programs 
generated. Therefore, our visits should Include discussions with appropriate administrators and division heads as 
well as directors of and participants in joint university/industry programs. 

General Questions 

1. a. What do you perceive to be the problems and/or benefits that would result from university/Industry 

research programs? 

b. Which of these barriers Is the most difficult to overcome and which of the benefits is the most important in 
encouraging university/industry research interaction. 

2. Do you prefer to give money to a university research program sponsored solely by your company, sponsored 
by several companies, or sponsored by industry and government? 

3. a. Would you like to see an increase in joint university/Industry programs? 

b. Wliat is the Ideal mix of industry and government support of university research? 

4. Describe an outstanding research interaction your company has had with a university. (Consider the following 
In describing the program: initiation, structure, goods, and outcomes.) 

Questions directed toward administrators 

1. a. In what type of university/industry research interactions does your industry engage? 
b. What is your reason for participating in this type of interaction? 

2. a. in what types of university/industry research programs do you prefer to participate? 
b. What is the reason for your preference? 

3. Which types of Interactions do you think are most beneficial to your company, to the individual participants 
involved.? 

4. What are the policies and practices of your company that serve as incentives or disincentives to estab- 
lishing joint university/industry research programs? 

5. a. WiMit cire the fonnai and informal channels of communication between your company and universities in 

the vicinity' of your company (and U. S. universities in general)? 
b. Wliat offect does iocation have on your establishing or maintaining channels of communication? 

Questions for ri/rcclors of uniiH rslty/lndustry research programs and participants In such programs 
1. Describe the sei^ueLct: or events to the establishment of the program. 

a. Did the program begin because of industry or university initiatives? 

b. Did the government play any role in the initiation of the program? 

c. Who specifically was responsible for starting the program? 

d. What was his/her (their) position in the participating institution(s) and how much time did it take to 
establish the program? 

e. To what extent did previous cooperative activities (e.g., consulting, personnel exchanges) affect the initia- 
tion of this program? 

f How were participants (both individual and institutional) selected.? 
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g. What effect did the proximity of the universities Involved have on the establishment of the program? 

h. What processes were Involved In establishing the program? Consider the following In describing the evolu- 
tion of the program: formation of advisory committee, delineating patent rights, new facility construction, 
geography, travel time and cost prior relationships needs and benefits, barriers and constraints. 

i. What were the most Important factors and critical Incidents In bringing about this cooperation and In pro- 
viding for its continuation? 

j. How long has the program been In existence? 

2. Wliat were the specific objectives/goals when the program was established; were they achieved? 

3. How is the program structured and administered? 

a. What are the specific arrangements for staffing and administration? 

b. What is the program's relationship to the company's management structure? 

c. What is the research management structure? 

d. What is the number of decision-making levels? 

e. What are the roles of each partner In decision-making relevant to the determination of the project's budget 
staffing changes In goals, etc? 

4. What were the resource commitments arranged between partners? 

a. Wliat are the funding commitments? 

b. Who is involved In the program and what Is the mix of faculty, students, research scientists, and administrators? 
3. What were the problems/barriers and benefits/needs which governed the establishment of this program? 

6. What policies served as Incentives or disincentives for your participation In this program? 

7. How much time do you spend on the program? 

8. What rewards did you expect to receive as a result of your participation on this program? What rewards did 
you actually receive? 

9. What do you see as the outcome(s) of these joint ventures? 
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AFFEmiX III 



SAMPLE MATRIX 

The following matrix is a sampling of university/industry research interactions 
documented at the institutions visited in this study. It is not meant to bean 
exhaustive list of university/industry research interactions, but does contain most 
ofthe significant research interactionsofthese institutions with companies. 
(See end of Appendix for footnotes) 



NORTHEASTERN 

R&D Public/ Mechanism of No. of Years 

Rank Private University Industry Program Name Discipline Interaction" In Existence* 



23 



Private University of 
Rochester 



126 Private Rensselaer 
Polytechnic 
Institute 



8 Private Harvard 



Exxon. SDH 10. 
GE. Northeast 
Utilities 

Xerox, Gleason 
Ward, GM, Boeing, 
Kodak (& others) 

Abbott, Allied 
Chemical, Owens- 
Illinois, Xerox. 
TRW (20 
companies) 

General lonex 
Corporation 



Xerox 



Miles, Cullers, 
Bayer, Dow 

Drug Co., 
Chemical Co., 
Consumer 
Product Co., 
Conglomerates 

United Tech- 
nologies, GE, 
GM, Boeing, 
Norton, Kodak, 
Cincinnati 
Milacron, Fair- 
child Republic 

IBM, Evans & 
Sutherland, 
Hewlett-Packard, 
Prime Computer 
(& 20 COS.) 

IBM (&8C0S.1 



Raster Tech., Inc. 
Testamatic Corp. 
& others 

Monsanto 



Laboratory for Laser 
Energetics 



PADL Program 



Institute of Optics 



Additions to Tandem 
Accelerator Facility 
at U. of Rochester 
for Ultra Sensitive 
Particle Ident. 

Computer Science 



Industrial Park 

Bacillus Subtilus 
Fermentation 



optics Industrial 
Associates Program 



Center for Manu- 
facturing Productivity 



Center for Inter- 
active graphics 



Center for 
Microelectronics 



Industrial Park 



Harvard Monsanto 



Physics, Aero- 
space, Electrical 
& Chemical 
Engineering 

Mechanical & 
Electrical Engi- 
neering (CAD) 

optical 
Engineering 



Physics 



Computer 
Science 

Multidisciplinary 
Medicine 



optical 
Engineering 



Engineering 



Computer 

Science, 

Engineering 



Engineering 
Science (VLSll 



Government-industry 
funded cooperative 
research laboratory 
(jointly used facility) 

Ind/Gov't funded 
U/l cooperative 
research (grants) 

Industrial funded 
cooperative research 
center, contract re- 
search & industrial 
affiliates (focused) 

Gov't funded U/l 
cooperative research 
(grant) 



Equipment discount 



Industrial park 

Industry funded U/l 
cooperative research 
(contract-grants) 

Industrial affiliates 
(focused) 



Industry funded U/l 
cooperative research 
center 



Government/ 
Industry funded U/l 
cooperative research 
center 



Industry funded 
cooperative research 
center 



Multidisciplinary Industrial Park 



11 years 

8 years 
53 years 



Time Limited 
2 years* 

7 years 

New 
9 years 

5 years 



2 years 



Life Sciences 



Partnership 
(contract) 



3 years 



New 



New 



6 years 



ERIC 
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Northeastern— Cont. 
R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



1 Private MIT 



Seagram & Sons 



Mutual Research 
Corporation 

Hoechst 



DuPont 



Bayer 



10 Companies 



30 Companies 

50 outside 
organizations 



25 Companies 



19 Companies 
(users & vendors) 



Allied Chemical 
Corp. 

IBM 



Perkin-Elmer 
Corp. 



Alcoholism Program 
Biogen 

Diffusion Flame 
Energy Transfers 

Molecular Biology 
Laboratory 

Harvard School of 
Public Health- 
Industrial Asso- 
ciates Program 

DuPont-Harvard 
Agreement 

MIT Industrial 
Visiting Committees. 

Bayer Professor- 
ships 

Laboratory for 
Manufacturing 
Productivity 

MIT Chemical 

Sciences/industrial 

Forum 

Engineering intern- 
ship program 

Undergraduate 
research opport. 
program 

Cooperative program 



Center for the Health 
Effects of Fossil Fuel 
Utilization 



National Magnet 
Laboratory 



Center for Energy 
Policy Research 

Center for Informa- 
tion Systems 
Research 

Theoretical Studies 
of Polydlacetylenes 
& Polyacetylenes 

Instrumentation of 
an X-ray Beam Line 
at Nat'l. Synchrotron 
Light Source. 
Brookhaven 

Laser-Generated 
Etching of Semi- 
conductor Surfaces 



Medicine 

Molecular Biology 
Chemistry 

Medicine 



Environmental 
Health 



Molecular 
Genetics 

Multidisciplinary 



Chemical 
engineering 



Grant 

Spin-off CO. 

Government funded 
cooperative research 

Partnership 
(contract) 

Industrial affiliates 
(focused) 



Partnership 
(contract) 

Membership on 
Advisory or Gov- 
erning Boards 

Endowed chair 



Multidisciplinary Research consortia 



Chemistry 



Engineering 



Seminars— Informal 
discussion 



Education-training 
Internship 



Multidisciplinary U/l Cooperative 
training program 



Electrical 
engineering, 
Computer science 

Environmental 
science & 
Toxicology 

Physics & 
Engineering 



Social Science 



Computer 
Science 



Materials science 



Materials 
Science 



Chemistry 



research internship 
(Summer employment) 

Gov't/lndustry 
funded cooperative 
U/l research center 
(grants-contracts) 

University based 
institute serving 
industrial needs 
(contract/ 
subcontract) 

Industrial Affiliates 
(focused) 

industrial Affiliates 
(focused) 

Gov't funded U/l 
cooperative research 
(grant) 

Gov't funded U/l 
cooperative ressarch 
(grant) 



Gov't funded U/l 
cooperative research 
(grant) 



1 year 

3 years 

Time limited 
1 year' 

New-time 

limited 

(lOyears) 

1 year 



New 

Ongoing 

5 years 
4 years 

Recent 

3 years 
12 years 

Ongoing 

2 years 

20 years 

5 years 
7 years 

Time Limited 

2 years' 
Time Limited 

1 year' 

Time Limited 
1 year' 



O ^8 
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Northeastern— Cont. 



R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No, Of Years 
In Existence* 



Exxon 
Corporation 



Effect of Bulk Lqd. 
vs. Gas Phase on 
Selectivity in the 
Fischer-Tropsch Syn. 



Pratt & Whitney Powder Metallurgy 



24 Private Yale 

University 



General Electric 



Electronics 
Industries 



Rolls Royce 



Bolt. Beranek & 
Newman. Inc. 

Exxon 



ITT, GM, Xerox 
I12C0S.J 



Computer 
Control Corp., 
Hertra Inc. 

265 companies 
EPRI, GRI 



A.D. Little, GE, 
Union Carbide 



Texaco 
Flow General 
Many Companies 



Whitehead 
Foundation 



Miles Laboratory 



Texaco 



AVCO Everett 

Research 

Laboratory 



Ceramic 
Transparencies 

Microelectronics 



Energy 

Military science 
Exxon-MIT 



MIT Polymer Proc- 
essing Program 



Innovation Center- 
MIT 

MIT Industrial 
Liaison Program 

Energy Laboratory 



MIT School of 
Chemical Engi- 
neering Practices 

Career Development 
Term Chair 

Biotechnology 



MIT Technology 
Square 

MIT-Whitehead 
Institute 



Institute of 
Preclinical 
Pharmacology 

Yale/Texaco 



Theoretical Investi- 
gation of Electron 
Impact Excitation 
Processes 



Chemical 
engineering 



Materials 
science 

Materials 
science 

Engineering 



Engineering 



Math, 

Engineering 

Combustion 
Energy 



Engineering, 
Chemistry, 
Matls. Scl. 



Engineering 



Multldisciplinary 



Engineering, 
Science Policy 



Chemical 
Engineering 

Chemical 
Engineering 



Biology 



Gov't funded U/l 
cooperative research 
(grant) 

Gov t funded U/l 
cooperative research 
(grant) 

Gov't funded U/l 
coop. res. (contract) 

Industry-government 
funded cooperative 
research center 

Government-industry 
funded cooperative 
research (contract) 

Gov't funded coop, 
res. (contract) 

Partnership 
(contract) 

Government & 
industry funded 
cooperative 
research center 

Innovation Center 



Industrial associates 
(general) 

University based 
laboratory serving 
Industrial needs, 
trade assoc. support, 
(contracts) 

Industrial extension 



Endowed Chair 
(partial) 

Ind. funded coop, 
res. (contract) 



Multldisciplinary Industrial Park 



Developmental 

Molecular 

Biology 

Medicine 



Chemical 
Engineering 



Physics 



Iridustry/Foundatlon 
funded research 
Institute 

University based 
institute serving 
industrial needs 
(facility sharing) 

Institutional 
consulting 

Gov't funded U/l 
cooperative research 
(grant) 



Time Limited 

1 year* 

4 years 

4 years 
New 

4 years 

2 years 



1 year 

Time limited 
(10 years) 

8 years 



8 years 

34 years 
10 years 

64 years 

IV2 years 

New 

5 years 

19 years 
New 

1 year 



Time Ltd. 
2 yrs. 
(ended) 

Time Limited 
1 year* 



ERIC 
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Northeastern— Cont. 
R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. Of Years 
In Existence* 



Celanese 



Composition and 
Synthesis of 
Enzymes 

Yale Associates 



Olin Corporation, Science 
City of 
New Haven 



Biochemistry, Partnership 
Molecular (contract) 
Biology 

Multidisciplinary Industrial associates 
(campus-wide 



Multidisciplinary 



program) 
Industrial Park 



3 years 



New 



New 



MIDDLE ATLANTIC 



R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence" 



105 Public University of 
Delaware 



15 



Private Johns 
Hopkins 



Oil & Chemical 
Cos. (Approx. 
20-23 cos.) 

GE, DuPont, 
Hercules. Ford, 
Corning (Approx. 
13 COS.) 

Chevron & Other 
Cos. (Approx. 7) 



Information 
Ser ce Co. 

IBM 



DuPont 



13 Cos. 



Intel 



Wyeth Labs 
du Pont 

Sohio, DuPont, 
Stauffer 

Biospherics 

Bristol Myers 

Siemens, GE, 
Picker. Pfizer, 
Phillips 

Institute of Scrap 
Iron & Steel 



Center for Catalytic 
Science & 
Technology 

Center for Com- 
posite Materials 



Institute for Energy 
Conversion 



Computer Aided 
Design Laboratory 

Distributed 
Computing 



Chemical 
Engineering 

Mechanical 
Engineering 



Photovoltalcs 



Computer 
Science and 
Engineering 

Electrical 
Engineering 



UNIDEl Foundation Multidisciplinary 



Symposia 

Ocean Engineering 
Liaison Program 

Fellowships 



Chemistry 
Chemistry 
Venture Program 
Center for Oncology 
Radiology Program 

cinter for f^l'^iteriab 
-Research 



Chemistry 

Oceanography & 
Engineering 

Computer 
Science, Micro 
processes 

Chemistry 

Chemical 
Engineering 

Env. Science, 
Biology. Eng. 

Basic medical 
sciences 

Radiology- 
Computer 
Sciences 

Mulpd^ciplinary 



U/l cooperative 
research center 
Industrial affiliates 

U/l cooperative 
research center 
Industrial affiliates 

University based 
institute serving 
industrial needs 
(contract) 

Equipment gift 



Industrial funded 
cooperative research 
(contract) 

Endowment 
Foundation 

Symposia 
Conference 

Industrial Affiliates 
(focused) 

Undergraduate 
fellowships 



Equipment gift (mass 
spectrophotometer 

i - 

Perscfnnel ^xciiange 



Nonprofit 
Organization 

Unrestricted gift 



Equipment donation 

I 

-University based 
institute serving 
industrial needs 
(contract) 



3V2 years 



7 years 



9 years 



New 
Program 

Time limited 
2-3 years 
(ending) 

32 years 



Time limited 
Recent 

New 



New 

2 years 
1 year 
2years 



5 years 
Time limited 

3-5 years • 



•1 year 



ERIC 



149 



Middle Atlantic— Cont. 



R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



46 Public University of 
Maryland 



16 Public Pennsylvania 
State U. 



Exxon Research 
and Engineering 



Applied Research 
Laboratory 



Chemical Sys. 
Lab. 



Oil & Chemical 
Co. Exxon, 
Union Carbide 

Fairchild 



Burroughs- 
Wellcome 

A. Benzone 



Fairchild 
Industries 

Genex Bethesda 
Research Labs 
(BRL) 

Many 



Koppers Co. 



Physical 
Sciences Inc. 



du Pont 



CDC 



Various small 
companies 

AlCHE 



BechteL other 

COS. 

GE» Bethlehem 
Steel 



Many 



Systematic Develop, 
of New Organic 
Conductors 

Defense 



Education 



Biotechnology 
Institute 



Fairchild Projects 



Burroughs-Wellcome 
Prof, of Oncology 

Interferon 



Fairchild Scholars 
Program 

Certificate Program 
in Appl. Molecular 
Biology 

SciComplex 



Chemicals, Wood 
Preservatives 



Collision-Induced 
Emission and Light 
Scattering in High 
Pressure, High 
Temperature Gases 

Manufacture of 
Interferon 



Computer System 
Design & 
Manufacture 



Penn. Tech. Asst. 
Program (PENNTAP) 

Data Book Project 



Fellowships ^ 

Material Research 
Laboratory 

Office for Indus. 
Research and 
Innovation 

Ceramics Liaison 
Program 

Geology Lia»son 
Program 



Chemistry 



Mathematics, Fl. 
Mechanics 

Biochemistry 



Biology, Eng. 

Medicine 

(cross-discp.) 

Grants 



Oncology 

Basic Med. 
Science 



Government funded 
U/l cooperative 
research (grant) 

Government funded 
cooperative research 
(contract) 

Government funded 
cooperative research 
(contract) 

Technology transfer 
center 



Endowed Chair 



Contract 



Elec. & Communi- Industry funded 
cations, Engineering cooperative training 
program 



Molec. Bio., 

Biochemistry. 

Bioengrg, 

Biotechnology 
& Electronics 

Microbiology, 

Biology. 

Chemistry 

Chemical 
Engineering 



Biochemistry- 
genetics 



Computer 
Science 



All 

Chomical 
Engineering 

Engineering 

Materials 
Science 



All 



Materials 
Science, 
Engineering 

Geology 



Industry/University 
cooperative training 
program 

Industry Park 



Government funded 
cooperative research 
[contract) 

Government funded 
U/l cooperative 
research (grant) 



Industry funded 
cooperative research 
(contract) 

Industry/university 
cooperative training 
program— equipment 
transfer 

Extension services 
technology transfer 

Personal Interaction- 
publication 

Fellowship 



Industry/university 
cooperative research 
center 

Innovation center 



Industrial Affiliates 
(focused) 

Industrial Affiliates 
(focused) 



Time Limited 
1 year* 

4 years 



3 years 



New 



Time limited 
New 

30 years 



Time limited 
(5 years) 

3 years 



New 

1 year 
5 years 



Time limited 
1 year* 



Time limited 
(2 years) 

New 



16 years 
10 years 
New 

20 years 
1 year 
New 
New 
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Middle Atlantic— Cont. 



R&D 
Rank 



Public/ 
Private 



University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



GE 

U.S. Steel 
(& 15-20 Co.] 



130 Private Lehigh 



4-5 companies 



Air Products, 
Bethlehem Steel, 
Leeds, DuPont, 
AFCO, Northrop, 
American Stand- 
ard, Instrument & 
Control (approx. 
20 COS.) 



Electrical Eng. 
Industrial Affiliate 

Metallurgy Ind. 
Coop. Program 



Coal Cooperative 
Program 



Center for Surface & 
Coatings Research 



Energy Research 
Center 



Materials Science 
Research Center 



National Printing 
Ink Trade assoc. 



General Electric 



Bethlehem Steel 
(& approx. 20 

COS.) 

20 companies 



Energy Product & 
Equip. Manufac- 
turers. Energy 
Users (Approx. 
20 COS.) 

20 Companies 



4-5 Companies 



5 companies 



Biotechnology 
Center 



Institute of Metal 
Forming (IMF) 

Color Associates 



Heat Transfer in 
Rotating & Curved 
Ducts 

Materials Science 



Computer Asso- 
ciates Program 
(CAP) 

Energy Liaison 
Program (ELP) 



Emulsion Polymer 
Institute Liaison 
Program 

Thermo-Fluid 
Liaison Program 

Center for Surface 
and Coatings 
Liaison Program 

Biochem Liaison 
Program 

Freezing Coal 
Program 



Electrical 
Engineering 

Metallurgy in 
College of Earth 
& Min. Science 

Several Depts 
in College of 
Earth & Min. 
Science 

Chemical Eng. 

Chemistry, 

Metallurgy 

Engineering, 
Science 



Metallurgy, 

Materials 

Engineering 



Chem. & Civil 
Engineering, 
Chemistry, 
Biology 

Metallurgy 

Materials 

Engineering 

Chemistry 
Chemical 
Engineering 

Civil & 

Mechanical 

Engineering 

Materials 
Science 



Computer 



Muitidisciplinary 



Metallurgy, Mat. 
Science. Chem. 
Eng., Chemistry 

Mech & Chem 
Engineering 

Metallurgy. 
Chemistry. 
Chem. Eng. 

Biochemistry 



Multidicniplinary 



Industrial Affiliates New 
(focused) 

Industrial Affiliates 10 years 

(focused) 

Industrial Affiliates 2 years 
(focused) 



Industiy funded 10 years 

cooperative research 

center 

Industry funded 3 years 

cooperative research 

center 

Industry funded 19 years 

cooperative research 

center 



Industry funded 
cooperative research 
center 



Industrial affiliates 
(focused) 

Collective industrial 
support (grants) 

Government funded 
cooperative research 
(grant) 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 



1 year 



11 years 



35 years 



Time limited 
1 year* 

18 years 



6-7 years 



3-4 years 



Industrial affiliates 5 years 

(focused) 

Industrial affiliates 3 years 

(focused) 

University/industry 10 years 

cooperative research 

cente' 

Industrial affiliates 2-3 years 

(focused) 

Government-Industry- New 
University Contract 
(Res. Consortium) 



142 

EKLC 



IS I 



Middle Atlantic— Cont. 



R&D Public/ 

Rank Private University Industry 



Progrann Name 



Discipline 



Mechanism of 
Intera- '"on 



No. of Years 
In Existence* 



64 Privrte Carnegie 
Mellon 



(Also the U. 
of Pittsburgh) 



91 Public Clemson 
University 



Fairchild 
Foundation 

Exxon, Xerox, 
Alcoa, Ford, 
WestinghOL"">e 

Westinghouse 



Engineering Fellow- Solid State 
ship Program Phys. & Engrg 

P ocessing Research Process 



Institute 

Robotics Institute 



Mobay Chemical^'^ Mobay Professor 

Alcoj CMU-Alcu.. 

Exchanpe 

Catalysis Lab 

Environmental 
Engrg. 

Civil Engineering 



Oil Co 

EIA (small 
synfuel co.) 

Gulf Research 



U.S. Steel, Alcoa, Ad Hoc Committee 
PP&G, Westing- on Coop. Research 
house. Gulf 



Many 



Westinghouse 



IBM 



Digital Equipment 
Corp. 



Xerox 



Many 



Koppers (& 3 
Cons. Eng. firms) 

Poultry Assoc., 
Tobacco Co., 
Food & Food 
Pkg., Grain Co. 

Westvaco 



Carnegie Mellon 
Institute 

Investigation of 
Electrical Breakdown 
in Vacuum 

Statistical Design of 
Integrated Circuits 



Facility Development 
& artificial Intel. 
Knowledge Repre- 
sentation 

Personal Computing 
Program 

Center for 

Entrepreneurial 

Development 

Cooperative Masters 
Degree Prog. 

Agriculture 
Extension 



Nitrogen Fixation 
PrOQram 

Mechanical and 



American 
Hoechst, Caterpil- Manufacturing 
lar, .Alcoa Fdn., Systems Design 
Duke Power, 
John Dee'^'^ Co. 



J. P. Stevens 



Diamond 
Shamrock 



Textile Science 



Biologically active 
factors 



Engineering 



Computer 
Science 



Chemistry 
Chem. Engrg. 

Chem. Eng. 

Env. Eng. 

Civ. Eng. 

Combustion & 
Coal Utilization 

Multidisclplinary 

Electrical 
Engineering 

Flectrical 
computer & 
systems eng. 

Computer 
Science 



Computer 
Science 



Fellowsh/Endowed 
Chairs/Equipment/ 
Facility 

Govt, funded U/l 
coop. res. (grant) 

Industry/university 
cooperative research 
center 

Endowed Chair 

Personnel 
exchange 



Equipment 

Contract 

Grant Personnel 
Exchange 

Contract Research 



Contract Research 
Institute 

Government funded 
U/l cooperative 
reseaiCh (grant) 

Government funded 
U/l cooperative 
research (grant) 

Equipment discounts 



5 years 



10 years 



2 years 



5 years* 

Time limited 
3-5 yrs. 
(ended) 

Time Limited 
(5 years) 

Time limited 
recent 

Time limited 
recent 

1 year 



68 years 

Time Limited 

1 year* 
Time Limited 

1 year* 
Time Limited 

5 years* 



Personnel exchange Time Limited 
& equipment donation 5 years* 



Multidisciplinary Innovation center 8 years 



Civil Ehjineering 
Agriculture 

Forestry 



Mechanical 
Engineering 



Personnel Exchange New 
Extension Services 6/ years* 



Engineering 



Microbiology 



Industry funded U/l 
cooperative researcn 
(contract) 

Institutional 
consulting 



Gifts and Industry 
funded cooperative 
research 

Industry funded 
coop, res.-contract 



Time Limited 

1 year 
3 years 



29 years 



Time Limited 
New 



ERIC 
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Middle Atlantic— Cont. 



R&D 
Rank 



Public/ 

Private University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



45 Public North Carolina 
State U. 
(Raleigh) 



52 Public University of 
North Carolina 
(Chapel Hill) 



DuPont 
Trade Assoc. 



Hooker 
Chemicals. 
USDA. Textile 
Mills 

Renky Co. 



DEC 



6 Companies 

American Soy- 
bean Assoc.. 
Sparry & New 
Holland 

Several 



Furniture Mfg. (6) 

Neuman 
Machine Co. 



Sun Oil. Texas 
Gulf. Owens 
Corning. Moisture 
Controls Systems 
(& others) 

Pullman-Woodex. 
IBM. Handcore. 
MidState Tile 

Many 



Many 



Many 



GE 



• B.F. Goodrich 



DEC. IBM. Lock- 
heed. Daniel 
Fluor 

GE 



Forestry 
Woven Fabric Center Textiles 



Chemical Waste 
Contamination 



DuPont 

Lithium Corp. 
of America 

Diamond Sham- 
rock. GTE Labs 



Flame Retardant 
Program. ETIP 
Progr. 

Irrigation Program 

Computer Graphics 
Research Program 

Clemson Park 

Computer controlled 
grain combine 



Research Triangle 
Park 



Furniture R&D 
Applications Inst. 

Acoustic Laboratory 



Minerals Research 
Laboratory 



ERSD 



Research Triangle 
Institute 

TUCC 



Triangle U. 
Recombinant DNA 
Co. 

Microelectronics 
Center of N.C. 

Transport and 
Relaxation in Glassy 
Polymers 

Graphics 



Microelectronics 
Center of North 
Carolina 

Chemistry 



Lithium Iron 
Conductor 

Summer Research 
Fellowships 



Textiles 



Agricul. Eng. 
(irrigation) 

Elec. & Comp. 
Engineering 

Multidisciplinary 

Computer 
Science 



Gov't.-lndustry 
funded coop, res 

University based 
institutes serving 
industrial needs 

Research consortia 



Equipment loan 

Equipment grant 

Industrial park 
Equipment loan 



Multidisciplinary Industrial park 



Engineering 

Mechanical & 

Aerospace 

Engineering 

Engineering 



Engineering 



Multidisciplinary 



Computer 
Science 

Multidisciplinary 



Engineering & 
Comp. Science 

Chemical 
Engineering 

Computer 
Science 



Engineering & 

Computer 

Science 

Chemistry 
Chemistry 
Chemistry 



Govt, funded U/l 
coop. res. center 

Government-industry 
funded research 
(contracts) 

Government-industry 
funded research 
Center 



Research institute 
(contract] 

Research institute 
Development Co. 



State-govt. funded 
U/l coop, research 

Govt, funded U/l 
cooperative research 
(grant) 

Industry funded 
cooperative research 



State-govt. funded 
U/l cooperative 
research 

Gift 



State-govt. funded 
U/l coop, research 

Fellowship 



Time Limited 
1 year 

New 



Time limited 
8 years* 
(ended) 

Time Limited 
(3 years) 

1 year 



16 years 

Recent 
(1-2 years! 



22 years 

8 years 
11 years 

10 years 



Industrial extension 25 years 



21 years 
16 years 
New 

1 year 

Time Limited 
1 year* 

Time limited 
New 

1 year 



Several 
years 

Time limited 
1 year 

Recent 
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R&D Public/ 

Rank Piivate University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No, of Years 
In Existence* 



44 Private Duke 



65 Private Princeton U. 



Rubber Co,. 
Phosphate Co, 
Wkers, Unions 

IBM 



Many 
Many 

Many 

GE 

Many 
A,D. Little 

FMC 

Many 

Many 

Many 



FMC. Mobil 
Chemistry. Dow. 
Bayer 

Shell Inter- 
national. Ocean- 
eering Int'l, 

Data General 

Weyeriiauser 
(& others) 

GE. Burroughs- 
Wellcome 

Local Companies 

Monsanto 



Burlington, J, P. 
Stevens {& other 
textile 
companies) 

Bell Labs 



Occupational Health 
Sciences Group 

Computer Graphics 



Research Triangle 
Park 

Research Triangle 
Institute 

TUCC 



Triangle U. 
Recombinant 
DNA Co. 

Microelectronics 
Center of North 
Carolina 

Industrial Associates 
DUMAT 

Post-doctoral 
Chemistry Program 

Research Triangle 
Park 

Research Triangle 
. Institute 

TUCC 



Triangle U, 
Recombinant 
DNA Co. 

Chemical Screening 
Program 

Man under sea 
activities 



Computer science, 
engineering 

Mercury Fund 



Power Electronics 
Program 

Health Care Systems 

Physlco-Chemical 
Studies of Rodlike 
& Semi-flexible 
Chain Polymers 

Textile Research 
Institute 



Fiber Optics 



Environmental 
Health Sciences 

Computer 
Sciences 

Multidisciptinary 
Multidisciplinary 



Computer 
Science 

Multidisciplinary 



Engineering & 

Computer 

Science 

Engineering 

All 

Chemistry 

Multidisciptinary 

Multidisciplinary 

Computer 
Science 

Multidisciplinary 
Chemistry 



Biomedical 
sciences 

Electrical 
Engineering 

Medicine. 
Public Health 

Electrical 
Engineering 

Medicine 

Materials 
Science 



Chemical 
Engineering 



Electrical 
Engineering 



Industry funded 
cooperative research 

Unrestricted gift 

Industrial park 

Research institute 
(contract) 

Research institute 
Development Co. 

State-govt. funded 
cooperative research 

Industrial associates 

Private Non-Profit 
Licensing Co. (PMO) 

Personnel exchange 

Industrial park 

Research institute 
(contract) 

Research institute 
Development Co. 



Industry funded 
coop. res. (contr.) 

Govt. -industry funded 
U/l coop. res. 
(contract) 

Unrestricted gift 



Unrestricted funds 



Equipment gift & 
Fellowship 

For Profit Corp. 

Government funded 
cooperative research 
(grant) 



11 years 

Time limited 
new 

22 years 

21 years 
16 years 
New 

1 year 

1 year 
1 year 

Time limited 
2-3 years 

22 years 
21 years 
16 years 
New 

1 year 

2 years 



Time limited 
recent 

Ongoing 
5 years 

New 



10 years 
Time Limited 

2 years 
40 years 



Industry funded 
cooperative research 
center-cooperative U/l 
training program 

Industry funded U/l Time Limited 
cooperative research 11 years 
(grant) (ended) 
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R&D Public/ 

Rank Private University Industry 



Program Name Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



United Tech. Energy 
Research Center 



Prudential 
Insurance Co. 



Dow. Amoco 



Solar Energy 



Engineering 
research 



Amoco. Tenneco. Center for Energy 
Conoco. GM. 
Ford, others 

Mobil 



Prudential 
Insurance & 
others 

Grumman 
Aircraft, other 
aerospace Cos. 



Several line items 

Princeton Forrestal 
Center 

Aerospace Program 



Engineering 
combustion 



Energy & 

Environmental 

Science 

Engineering 
Engineering 

Engineering 
Multidisciplinary 



Mechanical & 

Aerospace 

Engineering 



Government funded 
U/l cooperative 
research (grant) 

Grant 



Grants 
Gifts 



Industry funded 
coop. res. (grant) 

Industrial park 



Facility sharing; 
contracts 



3 years 

2V2 years 

Time limited 
Time limited 



Time Limited 
|5yrs|. 1 yr 

6 years 



3 years 



SOUTHEASTERN 



R/tD Public/ 

Rank Private University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



38 Public Georgia Tech. Small Companies 

Many 

J. P. Stevens (& 
Approx. 60 other 
Cos.) Georgia 
Textile Mfg. 
Association 

Many 

Prime. IBM. HP. 
DEC, Ungerman. 
Bass. Network. 
Loftec 

Professional Co. 

Many 
Many 

Many 

Georgia Power 

Whirlpool 

IBM 



Engineering 
Experiment Station 

Fracture & Fatigue 
in Metals 

Textile Engineering 



Corporate Liaison 
Programs 

Partnership Program 



Technology Park 
Atlanta— University 
of Georgia Res. Park 

Georgia Tech 
Research Institute 

Advanced Tech- 
nology Develop- 
ment Program 
(ATDP) 

Video Instruction 
Program 

Professorship 



Professorship 
Professorship 



Engineering 

Chemical 
Engineering 

Engineering 
(Textile) 



Multidisciplinary 

Information & 

Computer 

Sciences 



Multidisciplinary 
Multidisciplinary 

Multidisciplinary 

Electric Power 

Mechanical 
Engineering 

Computer 
Science 



Industrial Extension 
Service 

Industrial Affiliates 
(focused) 

Industry funded (U/l 
cooperative research 
(equipment donation) 



50 years 
New 

Time Limited 
but Eng. 
Dept. in 
Existence 
40 years 

New 



Industrial Associates 
(general) 

Equipment donation 18 years 



Multidisciplinary Industrial Park 



20 years 



Nonprofit Organization 40-50 years 



Innovation Program 
(Technical Assistance 
Program) 



New 



Continuing Education 1 year (new) 



Professorship 
(partially endowed) 

Professorship 
(partially endowed) 

Professorship 
(partially endowed) 



New 



New 



Time Limited 
(5 years) 
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GREAT LAKES AREA 



R&D Public/ 

Rank Private University 

29 Public Purdue U. 



Mechanism of 



No. Of Years 



12 Public University of 
Illinois 



Industry 


Program Name 


Discipline 


Interaction In Existence* 


CDC 


CAD/CAM Research 
Project 


Computer 
Science 


Indus, funded coop, 
research (contractl 


Time limited 
3 years 


12 Companies 


Herrick Labs 


Mech. Eng. & 
Agriculture 


Industry funded 
cooperative research 
center 


23 years 


Abbott 
Laboratories 


Structure & Function 

r^f D Q 1! 1 1 c 

Thuringiensis 


Biochemistry 


Govt, funded U/l 
coop, research 
(grant) 


Time Limited 
1 year* 


Doo oysiem. inc. 


Onpratinnal Analvsis 

of Queueing Phen. 


Computer sci. 
& engrg. 


Govt, funded U/l 
coop. res. (grant) 


Time Limited 
1 year* 


Miinhpc Airrmft 


Kinetics of Phase 
Transitions 


Materials Science 


Govt, funded U/l 
coop. res. (grant) 


Time limited 
2 years* 




InHiiQtrinl Aif iliRtG 

Program 


Computer 
Science 


Industrial Affiliates 
(focused) 


1 year 




InHiictrial AffilintP 

Program 


Chernistry 


Industrial Affiliates 
(focused) 


New 




Indijstri;)! Affiliate 
Program 


Materials 
Engineering 


Industrial Affiliates 
(focused) 


1 year 


Many 


Purdue Research 
Foundation 


Multidisciplinary 


Industrial Park 


50 years 




Industrial Associate 
Program 


Electrical 
Engineering 


Industrial Affiliates 
(focused) 


2 years 


U.S. Steel. Inland 
Steel Honeywell. 
Shipboard Con- 
trol Systems 


PLAC-Purdue Lab 
for Applic. of 
Indus. Control 


Computer 
Science 


U/l Cooperative 
Research Center 


10 years* 


Caterpillar. 
J. Deere. 
Int'l. Harvester 


Fellowships in 
CAD/CAM 


Computer 
Science & 
Hydraulics 


Fellowship 


1 year 


Corning Glass 

Works. 

Weyerhauser 


Fellowships in 
Engineering 


Engineering 
Chem Engrg. 


Fellowship 


3 years 


5 companies 


Computer Integrated 
Design. Manufac- 
turing & Automa- 
tion Center 
(CIDMAC) 


Computer 
Science. 
Mechanical & 
Electrical 
Engineering 


U/l Cooperative 
Research Center 


1 year 


NASA. USDA. 
NSF. Reyes 
Paper Co. |& 
Other Paper & 

nil PnQ 1 


LARS-Laboratory 
for Applied 
Remote Sensing 


Electrical 
Engineering. 
Agriculture, 
Geosciences , 


University-based 
inSiHUie bcrving 
industrial needs 


16 years* 


NIH. NCI. Indiana 
Elks and 
Companies 


Cancer Research 
Center 


Medicine 


University based 
institute serving 
industrial needs 
(contract) 


5 years 


Many 


"Peoples Exchange" 


Multidisciplinary 


Equipment sharing 


Recent 


6 Food & Paper 
Cos. 


LORRE-Laboratory 
of Renewable Re- 
sources Engineering 


Chem.. Agric. 
Biochemistry, 
(food sci.) 
Chem. Engrg. 


University based 
institute serving 
industrial needs 
(contracts) 


3 years 


Texas 

Instruments 


PrtllahrtrJitinn in 
(^UlldUUr dliUi 1 III 

Field Effect 
Transistors 


Electrical 
Engineering 


Industry funded 
cooperative research 
(grant) 


Time Limited 
3 years 


DuPont 


School of Chemical 
Research 


Chemistry. 

Chemical 

Engineering 


University-based 
institute serving 
industrial needs 
Unrestricted gifts 


51 years 



ERIC 
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Great Lakes Area— Cont. 
R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism o1 
Interaction 



No. of Years 
In Existence* 



Rockwell 
International 



Martin Marietta 



Effects 

Technology Inc. 
Power Industry 



IBM. GE, Hitachi. 
Hughes, Honey- 
well. Texas. Inst. 
|& approx. 50 
other co.l 

Caterpillar, John 
Deere, GM, 
International 
Harvester {10 co.j 

4-5 Power Com- 
panies 

Dow Chemical 



CDC 



Coal Industries 



IBM, American 
Can, Amoco, 
Argo Sta'-ch, 
Standard Corning 
Products 

IBM» Alcoa, United 
Technologies 



Avalanche Photo- 
diodes Using 
Quarternary Alloys 
for Fiber Optical 
Comm. Sys. 

Formation & Reac- 
tivity of Tricalcium 
Silicate & Dicalcium 
Silicate 

Electromagnetics 
Natural Resonances 

Electromagnetics 
Propagations and 
Communications 
Affiliates Prog. 

Chemistry Industrial 
Associates 

Physical Electronics 
Industrial Affiliates 
IPEAPl 



Fracture Control 
Program 



Industrial Power 
Program 

Cooperative 
Research 

Computer Based 
Education Research 
Laboratory (CERLj 



Strip mining 
reformation 



Research Board 
Program 



Electrical Materials 
Program 



Local Companies Allerton Park 



Public University of 
Michigan 



American Iron & 
Steel Institute, 
Trade Assoc. 

Owens Illinois, 
IBM 

GM. Ford, Intl. 
Harvester, Good- 
rich. Dunlop, 
Motor Vehicle 
Mfg. Assn. 



Engineering 
Research 



Plasma Display 
Band 

Highway Safety 
Research Institute 



Electrical 
Engineering 



Civil & 

Mechanical 

Engineering 

Engineering 

Electrical 
Engineering 



Chemistry 

Electrical 
Engineering 



Government funded 
U/l cooperative 
lesearch (grant! 



Government funded 
U/l cooperative 
research (grant) 

Govt, funded U/l 
coop. res. (contract) 

Industrial Affiliates 
(focused, 



Industrial Affiliates 
(focused) 

industrial Affiliates 
(focused) 



Multidisciplinary Research consortia 



Electrical 
Engineering 

Chemistry 



Compi-iter 
Science 



Agriculture, 
Civil Eng., Env. 
Studies 

Agriculture 

Engineering 

Science 



Ceramic 
Engineering 

Multidisciplinary 



Engineering 



Computer 
Science 

Engineering 



Inoustrial Affiliates 
(focused; 

Research contract 



U/l CooperaJive 
Research Center 
(contracts) 

Research Consortia 



Gifts 



Research Contract 

Research Park 
(gifts) 

Contracts-4 projects 
projects 

Contract, Licenses 



University based 
institute serving 
industrial needs 



Time Limited 
1 year* 



Time Limited 
1 year* 



6 years 
3 years 

New 
*\3 years 

8-10 years 

2-.) years 
Pending 
21 years 

2 years 

Recent 

6 years 
35 years 
Recent 

14 years 
10-12 yea'-s 
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Great Lakes Area— Cont. 



R&D Public/ 

Rank Private University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. Of Years 
In Existence* 



Dow Chemical 
Co., Env. 
Research Institute 
of Michigan, 
Michigan Con- 
solidated Gas, 
Detroit Edison, 
others 

Upjohn 



(MERRA) Michigan 
Energy & Resource 
Research Association 



Engineering 



Allied 



Upjohn 



Pharmacology Center Pharmacology 
(medicine) 



Soybean Senescence Plant science 



Ford Motor 
Company 



Prudential Life. 
IBM, GM, Detroit 
Edison, Nabisco, 
Merrill Lynch, 
W.W. Mutual 
Insurance, United 
Parcel Post 



UOP 



GM, Ford, 
Eaton Corp. 

DeVilbiss, 
Cincinnati 
Milacron 

6 Companies 



Bendix, Bechtel, 
Park David 

Ford 



Consumer Power, 
Detroit Edison 



Many 

20 Companies 



Bendix 



Studies & Appl. of 
In-Situ Extraction 
in Fermentation 
Processes 

Molecular Con- 
formation of Polymers 
by Small-Angle 
Neutron Scattering 

Organizational 
Behavior Program 
(Institute for 
Social Science) 



Wolverine II Project 



Metal Cutting 

Robotics Industrial 
Affiliates 

Micro-electronics 
liaison program 

Michigan Tech- 
nology Council 

Phoenix 

Extension Courses 



Institute of Science 
& Technology 

Macro-molecular 
Research Center 

Division of Research 
& Development Adm. 

industrial Devel- 
opment Div. 

Bendix Update 



Chemical 
Engineering 



Materials Science 



Social Science 



Chemical 
engineering 

Engineering 

Engineering, 

Computer 

Science 

Electrical & 

computer 

engineering 

Multidisciplinary 
Nuclear Energy 
Engineering 



Multidisciplinary 



Chemistry. 

Chemical 

engineering 



Research consortia 



University based 
institute serving 
industrial needs 

Contract grant 



Govt, funded U/l 
cooperative research 
(grant) 

Government funded 
U/l cooperative 
research (grant) 



University based 
institute serving 
industrial needs 



Contract, gift 
consulting 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 

TechriOlogy transfer, 
Industrial Dvlpmnt, 

Research facility . 
(research reactor] 

Industry funded 
cooperative training 
(multi-client contract) 

University based 
institute serving 
industrial needs 

Industrial Affiliates 
(focused) 



Multidisciplinary 

Business Engi- 
neering, Comp. 
Science 



6 years 



11 years 



Time limited 
2 years 

Time limited 
1 year* 



Time limited 
1 year* 



30 years 



Time limited 

2 years old 
(ended) 

3 years 
New 



6 months 

2-3 years 
22-23 years 
Recent 

22 years 

8 years 



Multid.sciplinary Technology transfer 19 years* 



Innovation Center New 
(Technology transf.) 

Continuing Education 3 years 
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Great Lakes Area— Cont. 

R&D Public/ 

Rank Private University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. Of Years 
In Existence* 



2 Public University of 
Wisconsin 



Bendix, GM, 
Ford, Burroughs 
Wellcome 

Michigan Gas 
Association 

30 companies 



Consumer Power 
Indiana Electr'c 

13 Companies 



Videoprogram 



Gas Research 
Program 

Electronic Warfare 



Great Lakes 
Programs 

Greater Ann Arbor 
Research Park 



Engineering 

Chemical Eng. 
Engineering 



Environmental 
Science 

Multidisciplinary 



Burroughs 
Wellcome 

EPRI 



CDC 



Fellowship Program Pharmacology 



IBM 



TRW 

Burroughs 
Wellcome 

Burroughs 
Wellcome, 
Hoffman- 
LaRoche, Phar- 
maceutical 
Manuf. Assoc. 
Foundation 

DuPont 



American 
Soybean Assoc. 

SRDC, Syncom, 
Hewlett-Packard 
IBM. TRW. Texas 
Instruments. 
Eaton 



Steam Generation 
Modeling 

Technotech 



Equipment Loans 

Chemistry internship 
Personnel Exchange 



Training Grants/ 
Fellowships 



Supplemental 
Fellowships 

Soybean Research 



TIP Committee 



Bell Labs. Sandia Fellowships 



WARF 



Local Companies 
Many 

Many 

Many 



Food Producing 
Co. 



University/industry 
research program 
(UlRj 

Industrial Park 

Wisconsin for 
Research 

. Wisconsin 
Foundation 

Wisconsin Alumni 
Association 

Food Research 
Institute 



Nuclear 
Engineering 

Computer 
Science 

Computer 
Science 

Chemistry 

Medicine 

Medicine. 
Pharmacology 



Chemistry 
Plant Science 
Engineering 

Engineering 

All 

All 

Multidisciplinary 
Multidisciplinary 

Non-Profit 
Organization 

Non-Profit 
Organization 

Agriculture 



Continuing Education Recent 



Fellowship 
Research Consortia 

Contracts 

Industrial park- 
started by gov't and 
university 

Fellowship 
Contract 

Technology transfer 
Gift 

Internship 

Personnel Exchange 
Personal contact 

Training grants/ 
Fellowships 



Fellowships 
Contracts 
Equipment grants 

Fellowships 

Non-profit Corpora- 
tion Licensing (PMO) 

Technology transfer. 
Liaison program 

Industrial Park 

Industrial Develop- 
ment Org. 

Research foundation 
Alumni Foundation 



University based 
institute serving 
industrial needs 



75 years 

Time limited 
15 yrs 
(ended! 

10 years* 
21 years 

Recent 

3 years* 

Recent 

Time Limited 
recent 

Recent 

Recent 

On-going 
2 years 



Recent 
Recent 
3 years 



On-going 
(20 years) 

54 years 



19 years 

New 
1 year 

36 years 

120 years 

15 years 
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R&D Public/ 

Rank Private University 



54 



Private Case Western 
Reserve 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



N'O. of Years 
In Existence* 



Trade Assoc. 



Texas 

Instruments 



Many 



Agrigenetics, 
Cetus 

Foundry 
industries 

20 companies 



Philips 

Petroleum. 3M 
Dow, Celanese, 
Goodrich, Ten- 
nessee Eastman, 
IBM, Diamond 
Shamrock, Borg- 
Warner. Shell, 
Sherwood Ander- 
son (12 COS.) 

35 Companies 



Many 



Gould. Inc. 



SOHIO 



Swine Producers 
Research Institute 

Electronics 



Engineering Experi- 
ment Station 

Tactile Sensory 
Research Consortia 
(robotics) 

Materials Science 



Microelectronics 



Polymer Science 



Rheology 

Genetic Engineering 
Program 

CAD/CAM Program 

Wisconsin Electric 
Machines & Power 
Electronics Consor- 
tium (WEMPECj 

Polymer Industrial 
Affiliates 



Control of Industrial 
Systems— Systems 
Control 



Case Institute of 
Technology 

Formation & Control 
of Compacted Cast 
Iron 

Case Chemical Eng. 
Industrial Affl. 

Industrial Council 



Petroleum 
Laboratory 



Laboratory equip- 
ment fund 



Agriculture 

Engineering 

Engineering 

Computer Sci. 
Mech. Engrg. 

Materials Science 



Electrical 
Engineering, 
Computer Sci. 
Engineering 

Chemical 
Engineering 

Mechanical & 
Civil Engrg. 



University based 
institute serving 
industrial needs 

Govt, funded coop, 
research (contract) 

Extension services 



Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 



Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 



Molecular Biology Personnel Exchange 



Engineering 
Mech. & Ind. 

Engineering, 

Electrical 

Engineering 



Macromolecular 
sciences 



Industrial assoc. 
consortium (focused) 

(Focused) lAP 
consortium 



Focused industrial 
liaison 



Mechanical, 
Electrical, & 
Chemical 
Engineering 

Engineering & 
Science 

Metallurgy 



Chemical 
Engineering 

Industrial 
Economics 

Chemistry, 

Chemical 

Engineering 

Academic 
science & 
engineering 



Focused industrial 
liaison ' 



University based 
institute serving 
industrial needs 

Government funded 
cooperative research 
(grant) 

Industrial affiliates 
(focused) 

Industrial affiliates 
(focused) 

Equipment donation 



Unrestricted gifts 



Recent 

3 years 
77 years 
2V2 years 

1 year 
Vi year 

Vi year 
'/2 year 

1 year 

2 years 
2V2 years 

17 years 



27 years 

12 years 

Time Limited 
1 year* 

Recent 

Recent 

New 

3 yearii 
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Great Lakes Area— Cont. 



R&D Public/ 

Rank Private University Industry 



DICAR 

Do/v, Celanese, 
Hydron Labs, 
B.F. Goodrich 

Many 

Many 

Oil Co. 

Oil Co. 

Hughes 

Many 
Sohio 
ARCO 



Program Name 



Discipline 



Mechanism of 
Interaction 



No of Years 
In Existence* 



19 Private University of 
Chicago 



Analytic instrumen- 
tation facility 

Energy Research 
Program 

Center for Applied 
Polymer Research 



Case Associates & 
Case Investors 

University Circle 
Research Center 

Energy-Mineral 
Resources Analysis 
Group 

Atlas Project 



Development of New 
High-Resolution 
Scanning Ion Micro- 
probe 

Industrial Relations 
Conference 

Physical Sciences 
Grant 

Professorship 



Chemistry 

Chemical 
Engineering 

Macromolecular 
sciences, 
Chemistry, 
Chem. Eng. 

Multidisciplinary 
Multidisciplinary 



Physics, 
Science 



Geophysics 
Physics 

Multidisciplinary 
Physical Sciences 
not yet determined 



Jointly operated 

facility-equipment 

sharing 

Not-for-profit 
corporation 

Government funded 
U/l cooperative 
research center 



Industrial Liaison 

Industrial Park 

Government-industry 
funded cooperative 
research (grants) 

Government-Industry 
funded cooperative 
research (grants) 

Government funded 
U/l cooperative 
research (grant) 

Conference 

General gift 

Grant 



7-8 years 

4 yeer^ 
Nevi/ 

10 years* 
15 years 
3-5 years* 

3-5 years* 

3 years 



Time limited 
Recent 

Recent 



Recent 



NORTHWEST AND GREAT PLAINS 



R&D 
Rank 



Public/ 
Private 



University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



Public University of 
Minnesota 



Honeywell, 
Sperry. 3M, CDC 
(and others) 

General Mills, 
Pillsbury (& other 
food cos.) 

Iron Ore Co. and 
Engineering 
Contractor Co. 

Engineering Con- 
sulting Firms 
(e.g., EBASCO) 

Many 



Chemical Co. 



Many 



Company con- 
nected gift 



Center for Micro- 
electronics and 
Information Sciences 
(MEIS) 

Agricultural Experi- 
ment Station 



Mineral Resources 
Research Center 
(MRRCj 

St. Anthony Falls 

Hydraulics 

Laboratories 



Institute of 
Technology 

Chemistry 



Leukemia Research 
Program 

Applied Math 
Institute 



Chemistry, 
Computer 
Science. 
Elec. Eng. 

Agriculture 



Civil and Mineral 
Engineering 

Engineering- 
Hydraulics 

Engineering & 
Science 

Chemistry 
Medicine 

Mathematics 



Research Consortia 



Contract. Affiliates 
and Fellowship 
Extension Services 

University based 
institute serving 
industrial needs 

University based 
institute serving 
industrial needs 

Industrial Liaison 
(Partners Program) 

Unrestricted gift 
(grants-in-aid) 

Corporate Foundation 
Gift 



Endowed Chair 



1 year 



96 years 



58 years 



43 years 



2 years 

Ongoing, 
recent gifts 

Ongoing 
Prog.. 10yrs. 
Recent gift 

New 
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Northwest A Grent 
Plains— Cont. 



R&D 
Rank 



-"^ublic/ 

PrivtJle University Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



Public University of 
Washington 



Many 



LOL. PHIsbury. 
Carlisle. General 
Mills 

Many 

General Mills. 
Pillsbury (& other 
food COS. I 

Several Cos. 



Local bioengi- 
neering firm 

Intel. DEC. 
Honeywell, 
Boeing, Tektronix, 
John Flake Mfg., 
Microtel 

Physio-Control 



Minnesota Well- 
spring (Minnesota 
Inc.) 

Endowed Chairs 



Minnesota 
Foundation 

Food, Science and 
Nutrition Department 

Institute of Agricul- 
ture. Forestry & 
Home Economics 

Electrical Engineer- 
ing Industrial 
Affiliates 

Dwight Institute of 
Genetics 

Regional Northwest 
VLSI Design 
Consortium 



Center for 
Bioengineering 



Multidisciplinary 

Food Science 

Non-Profit 
Institute 

Agriculture 
Agriculture 



Electrical 
Engineering 

Genetics 



Computer 
Science 



Engineering & 
Medicine 



Weyerhauser. Forestry Program 

Crown Zellerbach (Nutrition) 
(28-30 paper cos.) 



Math Sciences 
Northwest 



10 Petroleum 
Cos. 



25 Co. 
Boeing 

Weyerhauser 



Controlled Fusion 
Program 

Ocean Margin 
Drilling Program 



Forestry 



Math. Physics 
Engineering 



Oceanography 



Washington Pulp & Forestry 
Paper Foundation 

Wind Tunnel Facility Engineering 



Polar Research 
Lab 

10-15 Cos. 



Hc^wlett Packard. 

..el, Fairchild. 
Texas Inst.. 
Physio-Control. 
Boeing. Honeywell, 
Tektronix 



Optimal Mgmt. of 
Chum Salmon Based 
upon Estuarine & 
Nearshore Carrying 
Capacity for Out- 
migrating Juveniles 
in Hood Canal 

Arctic Environment 



Chemical Engineer- 
ing Industrial 
Affiliates 

Electrical Engineer- 
ing Affiliates 
Program 



Biological and 

Ecological 

Applications 



Environmental 



Chemical 
Engineering 

Electrical 
Engineering 



Tech. Transfer. Ind. New 
Development Org. 

Endowed Chairs New 



Research Foundation 19 years 

University based 9 years 

department serving 
industrial needs 

University based 7 years 

institute serving 
industrial needs 

Industrial Affiliates New 
(focused) 

Consulting New 

Research Consortia & 1 year 
Personnel Exchange 



!nd/Gov't. Funded 7 years 

U/l coop, research 
(grants-royalties) 

Gov't funded U/l 15 years 

cooperative research 
(jointly used research 
facilities) 

Gov't funded U/l Time Limited 

cooperative research 2 years* 
(contract) 

Research Consortia New (discon- 
(government, univer- tinued) 
sity. industry) 

Research Consortia 14 years 
(ed. oriented) 

University based 2-3 years 

institute serving 
industrial needs 

Gov't funded U/l Time Limited 

cooperative research 1 year* 
(grant) 



Gov't funded U/l 5 years 

cooperative research 
(contract! 

Industrial Affiliates 5 years 

(focused) 

Industrial Affiliates 2 years 

(focused) 
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Northwest & Great 
Plains— Cont. 



R&D 
Rank 



Public/ 

Private University 



Industry 



Sample Matrix 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



29 Cos. 
5 Cos. 



Dom. Sea Farms, 
Inc. (subsidiary of 
Campbell Soups, 
Incl 



Industrial Affiliates 

Computer Science 
Corporate Liaison 
Program 

Mechanical 
engineering 

Civil engineering 
liaison program 

Department of 
Oceanography 
Liaison Program 

Marine Net Pen 
Culture of Salmon 



Engineering 

Computer 
Science 



Mechanical 
engineering 

Civil engineering 
Oceanography 



Fisheries 
— genetics 



Industrial Affiliates 5 yearc 

Industrial Affiliates 6 months 

(focused! 



Industrial affiliates New 
(focused) ; 

Industrial Affiliates New ; 

(focused! : 

Industrial affiliates New 
(focused) ; 

Government-Industry 3-5 years 
funded cooperative 
research (contracts- 
grants) 



CALIFORNIA AND THE WEST 



R&D Public/ 

Rank Private University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of YjBars 
In Existence' 



Private Stanford U. 



Hewlett Packard, Stanford University Many 



Industrial Park 



30 years 
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Xerox, Varian, 
Syntex, Alza, 
EPRI, etc. 

Many 



3 Drug Cos. 



HP, Xerox, Bell 
Labs, IBM, Intel. 
Fairchild 

Oil Co. 



118C0. (incl. HP, 
IBM, Lockheed, 
Sandia, Liver- 
more Labs) 

Lockheed Missiles 
and Space Co, 



John Deere & 
Company 

RCA 



IBM 



Systems Control 



Industrial Park 



Industrial Affiliates 



Monoclonal 
Antibodies 

Center for Integrated 
Systems 

Endowed Chair 

Video program 



Multiplexed Holo- 
graphic Reconstruc. 
Methods for 3-Dim. 
Structures 

Investigation of 
Multiaxial Fatigue 

Fundamental Studies 
of Cements 



Discrete Event 
Methods for Com- 
puter System 
Stimulation 

Intelligent System 
for Analysis of 
Acoustic Signals 



Many (23) e.g., 
biochem. elec. 
eng. 

Immunology 



Engineering/ 
Comp. Science 



Chemical 
Engineering 

Engineering 



Elec. Eng., Comp. 
Science 



Civil & Mech. 
Engineering 

Materials Science 



Math and Com- 
puter Science 



Math and Com- 
puter Science 



Industrial Affiliates 30 years 

(20 focused programs! to new 



Industry funded U/l 
cooperative research 
(contract! 

Industry funded U/l 
cooperative research 
center 



Gov't, funded U/l 
cooperative research 
(grant) 

Gov't, funded U/l 
cooperative research 
(grant! 

Gov't funded U/l 
cooperative research 
(grant) 

Gov't, funded U/l 
cooperative research 
(grant) 

Gov't funded U/l 
cooperative research 
(grant) 
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New 



1 year 



New 



Endowed Chair 
Continuing Education 13 years 



Time L'nViied 
1 year' 



Time Limited 
1 year' 

Time Limited 
1 year' 

Time Limited 
1 year' 



Time Limited 
1 year* 



Calif. & The West— Cont. 
R&D Public/ 

Rank Private University Industry 



Program Name 



Dir.cioline 



Mechanism of 
Interaction 



NO. Of Years 
In Existence* 



25 Private University of 
Southern 
California 



Xerox 



Nielsen Engineer- 
ing and Research, 
Inc. 

Honeywell, GE, 
Elec. Boat (G.D.), 
Hughes Channel 
Products (with 
Penn St.) 

Hercules 



Koppers, Mead, 
GF, Elf Technol- 
ogies, Bendix, 
Maclaren Power 
& Paper 

Ar::o, Dow, 
Chevron. Occi- 
dental. PPG, Shell, 
UOP 

Hughes Aircraft 



TRW 



Theory of Coop. 
Phenomena in 
Superfluid Systems 

Fluid Mechanics 



Transducer 
ceramics 



Revers. Oxygen 
Electrode: Collab. 
Search for New 
Catalysts & Phys. 
Textures 

Center for Biotech. 
Research 



Hydrocarbon 
Research Institute 



VLSI Computing 
Structures 

U/1 Coupling 
Program 

Power Engineering 
Program 

Inst, for Marine & 
Coastal Studies 



EPRI. Power Cos. 

14 Co.-TRW, GE, 
Union. PG&E, 
Exxon. Slarkist, 
S. Cal Edison. 
L.A. Dept. of 
Water & Power 

L.A. Veritas Seismic Geosignal Process- 

Prcsrs., ing Program 

McAdams, USGS, 

Exxon, Cities 

Service, Getty, 

Geo-x-Systems, 

Ltd.. Roux. 

O'Connor Assoc. 

Inc., Amoco, Shell, 

Chevron, Teledyne 



OMARK (Mfg., 
Co.), Alcoa, 
Exxon 



Dynamics 
Technology Inc. 

Dr. L. Kroko 
Laboratories, 
Texas Instruments 

GE, Compshare, 
Dynamic Science 
Inc. 



Center fo' 
Studies 



Laser 



Materials science 



Engineering 



Materials Science, 
Physics. Elec. Eng. 
Chemistry 



Chemistry 



Molecular 
Biology 



Chemistry 



Etec. & Comp. 
Engineering 



Elec. Eng. 



Elec. Eng. 

Biological & 

Environmental 

Sciences 



Electrical 
Engineering 



Applied Physics 



Particle Motion in Civil and 
Turbulent Boundary Mechanical 
Layer Engineering 



Gallium Arsenide 
Micro-Tunnel Diodes 



Pharmokinetic 
Comp. Modeling for 
drug delivery 



Electrical 
Engineering 

Medicine 



Gov't, fund-sd U/l 
cooperative research 
(grant) 

Gov't, funded U/l 
ccop. res. (contract) 

Gov't, funded U/l 
cooperc.tive research 
(contract) 



Gov't, funded U/I 
cooperative research 
(grant) 



U/l non-profit 
cooperative research 
center 



U/l coop res. center/ 
Ind. liaison (focused) 
contracts 



Gov't, funded U/l 
cooperative research 

Gov't, funded U/l 
cooperative research 
(grant) 

Contracts 



U/l Coop, research 
center/Industrial 
affiliates program 



Industry funded 
cooperative research/ 
Industrial Associates 
(focused 



University based 
institute serving 
industrial needs 
(contracts) 

Gov't, funded U/l 
cooperative research 
(grant) 

Gov't, funded U/l 
cooperative research 
(grant) 

Equipment 
development 



Time Limited 
1 year* 

Time Limited 



Time Lir- ..-1 
5 years 



Time Limited 
2 years* 



Nev 



4-5 years 



Time limited 
1 year' 



On-going 
73 years 

5 years 



2 years 



7 years 



Time Limited 
1 year* 

3 years 
(expired) 

8 years 
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Calif. & The West— Cont. 



R&D Public/ 

Rank Private tJniversity 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



56 Private California 
Institute of 
Technology 



13 Public UCLA 



Oil CO., insurance 
CO., banks, aero- 
space CO., drug 
CO., information 
processing co.. 
(approx. 60 COS.) 

fvlany 



Texas 

Instruments 



Inf. processing 
COS., (IBM, Intel, 
Xerox, HP, Bur- 
roughs, Fairchild, 
DEC, fv'otorola, 
Spefry. Univac) 



Center for Futures 
Research 



School of Engineer- 
ing, Industrial 
Associates 

Impurities in Device 
Type Semi- 
conductors 

Silicon Structures 
Program 



57-60 Cos. 



Hercules 



Union Carbide 
Corp. 

IBM, Intel, Bur- 
roughs, DEC 



Hughes Research 
Labs 



Chemical Cos. 

American Petro- 
leum Institute 

Merck 

DuPont 

Ford, Exxon, 
Tenneco, Chevron 

Chevron 



Xerox. Hewlett 
Packard 

Lockheed, 
Hughes, North 
American Rock- 
well, Northrop 

Aerospace & oil 
cos. (approx. 29) 

Hughes Aircraft 



Social Science 



Engineering 



Electrical 
Engir.iering 



Computer 
Science 



Industrial Associates Multidisciplinary 

Rev. Oxyg. Electrode Chemistry 
Collab, Search for 
New Catalysts and 
Phys. Textures 



Flow and Heat 
Transfer in Granular 
Media 

Design of Silicon 
Structures 



Electronics 



Catalysis Program 



Civil and 

Mechanical 

Engineering 

Math and Comp. 
Science 



Engineering 



Chemistry, Chem. 
Eng. 



Project 6— Study of Chemistry 

the composition of 

petroleum 



Vesicle Formation 



Chemistry 



Genetic Engineering Genetics 

ENERGY Project Multidisciplinary 

Chemical Engineer- Chemical 

ing in Energy Science Engineering 



Chip Fabrication 
and Design 

CAD 



-Omputer 
Science 

Engineering ^ 
Appl. Scien»„j 
Comp. Science 



Industrial associates Engineering 



Highly Nonlinear 
Phenomena & 
Physics of 
Confinemc nt 



Physics 



U/l coop, research 
center/industrial 
liaison (focused] 



Industrial associates 
(fucused) 

Government funded 
cooperative research 
(grant) 

Research Consu.tia 



No. of Years 
In Existence* 



10 years 



dustrial Associates, 
General 

■Gov't, funded U/l 
cooperative research 
(grant) 

Government/univer. 
funded coopera^ve 
research (grant) 

Government funded 
cooperative research 
(grant) 

Government funded 
cooperative research 
(grant) 

Industrial Affiliates 
(focused) 

Grants (graduate 
research) 



Grant 
Grant 

Unrestricted gift 
Professorship 
Research Consortium 



Industry funded U/l 
cooperative research 
(Equip, donation and 
student support) 

Industrial Assocs. 
(focused) 

Gov't, funded U/l 
research cooperation 
(grant) 



5-1 years 



5 years 



2 years 



34 years 

Time Limited 
2 years 



Time Limited 

1 year* 

Time Limited 

2 years'* 

3 years 



New 

40 years 



Time Ltd. 
2 yrs (ended) 

1 year 

3-4 years 

1 year 

Time limited 

2 years 

1 V? years 



4 years 

Time limited 
2 years* 
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Calif. & The West— Cont. 



R&D 
Rank 



Public/ 
Piivate 



University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



Public UCSD 



43 Public University of 
Utah 



32 Public University of 
Arizona 



Drug CO. 



Tobacco Indus- 
tries, Trade 
Assoc. -Council 
for Tobacco 
Research 

Chemical cos. 
(Shell, Chevronl 

Oil CO., biomed- 
ical CO., pharma- 
ceuticals, mining 
CO.. power co. 
(approx. 12-16 

COS.) 

Oil COS. (manyl 

Amatek-Straza 
Corp. 

Ctramatek, 
Tetratec 

Many 



**^any japprox. 17 

COS.) 



Boeing. Univac, 
Genl. Inst. Bur- 
roughs (ap.ornx. 

7 COS.) 

Kennecott, 
AMAX, Exxon, 
City Services, 
h'ammond Mining, 
Bethlehem Steel, 
Chevron, Allis- 
Chalmers, Rex- 
nord, Koppers 
(approx. \0 COS.] 

Brunnel Life 
Systems Weath- 
ercasters (new 

COS.) 



Crump Institute for 
Med'cal Engineering 

C cer Research 



Industrial Advisoi y 
Committee 

Scripps Industrial 
Assc::iates 



Chancellor's 
Associates 

Upper Ocean Frontal 
Studies 



Utah Research Park 

UURI Research 
Institute 

Solution Mining 
Program 

Technical Liaison 
Program 



Computer controllC' 
processing fc 
mining 



Utah Innovation 
Center 



Genl. Inst., Boeing, Microelectronics 



Burroughs- 
Wellcome 

Chevron 



Diamond Sham- 
rock, Philips 
Petroleum, etc. 



Lab 



Energy Program 



Plant Sciences- 
Office of Arid Land 
Studies 



Coca Cola, Disney. Environmenta. 
Kraft, FH Prince Research Laboratory 
(Shrimp Project) 



Medicine, 

Biomedical 

Engineering 

Medicine 



Chemistry 

Oceanography 
Engineering 



Multidisciplinary 

Physics, 

Electronics, 

Oceanography 

Multidisciplinary 

Multidisciplinary 

Engineerip'" 
Mining and 
Minerals 

Ccllege of 
Engineering 

Mines. Minerals 



University based 
institute serving 
industrial needs 

Grants 



Gifts 

Industrial affiliates 
(focused) 



Industrial Associates 
(general) 

Gov't, funded U/l 
cooperative research 
(contract) 

Industrial Park 



Contract research 
institute 

Conference 



Industrial Associates 



Government/industry 
funded U/l Cooperative 
research Multiclient 
contract 



Multidisciplinary Innovation Center 



Many 



Division of Industry 
Cooperation 



Electrical 
Enginearing . 

Coll. Engrg. Coil. 
Mines & Mineral 
Stds. 

Biology. Plant 
Science 



Biology— Env. 



Science and 
Engineering 



Contracts 



Gift 



University bai>ed 
institute serving 
industrial needs 
(Contract to center) 

University based 
institute serving 
Industrial needs 
(contracts) 

Not for profit 
within foundation 



1 year 



Ongoing- 
Recent 



4 years 
14 years 



New 
4 years 

16 years 

9 years 

Time limited 
-recent 

1 year 



1 year 



2V2 years 



Recent 



New-1 year 



2 years 



13 years 



New 
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Calif. & The West— Cont. 

R&D Public/ 

Rank Private University 



Industry 



12 Cos. 
2 Cos. 

G.D. Searle, West 
Plant Sciences 

New Business 



Motorola 



Program Name 



Discipline 



Engineering Ind. 
Affiliate 

Optical Science 
Industrial Affl. 

Seed Development 
Program 



Electrical 
Engineering 

Optics 



Plant Science, 
Agriculture 



Tumbleweed Project Plant Sciences 



Correlation of Elec. 
Active Defects in 
Silicon Wafers with 
Structural Inhomo- 
geneities in As-Grown 
Crystals 



Materials Science 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



Industrial Affiliate 
(focused) 

Industrial Affiliate 
(focused) 

Industry funded 
cooperative research 
(Multiclient Contract) 

University based 
institutes serving 
industrial needs 
(Tech. Transfer) 

Gov't, funded U/l 
cooperative research 
(grant) 



2V2-3 years 



2 years 



1 year 



2 years 



Time Limited 
1 year* 



SOUTHWEST AND SOUTH CENTRAL 



R&D 
Rank 



Pubiic/ 

Private University 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



33 Public Louisiana 
State 
University 



Oil Companies 
(19) 



American Sugar 
Cane League 

Lumber & 
Minerals Co. 



Exxon, Shell, 
Chevron, Mobil 



Local Chemical 
& Oil Co. 



Applied Carbonate 
Research Programs 

Audubon Sugar 
Institute 



Geology 



Engineering 



Remote Sensing and Engineering 

Image Processing 

Laboratory 



Chemistry Industrial 
Affiliates 

Computer Aided 
Design 

Digital Electronics 
Control Processors 



Chemistry 



Computer 
Science 

Electrical 
Engineering 

Engineering 



Environment, Energy Geology, 

Oceanography 



Communications, 
Remote Sensing 

Siva Building 

Chemtech 

West Payne 

Synmet 



Petroleum Eng. 
Blowout Training 
School 



Oceanography, 
Engineering 

Business, 
Engineering 

Chemistry, 
Env. Science 

Chemistry. 
Env. Health 

Organic 
Chemistry 

Petroleum 
Engineering 



Industrial affiliate 
(focused) 

University-based 
institute serving 
industrial needs 

University based 
institute serving 
industrial needs 

Industrial Affiliates 
(focused) 

Industrial Affiliates 
(focused) 

Industrial Affiliates 
(focused) 

Industrial Affiliates 
(focusedl 

Government funded 
cooperative research 
(contracts) 

Government funded 
cooperclive research 
(contract) 

Gift 



Spin-off Co. 

Spin-off Co. 

Spin-off Co. 

Government/Industry 
funded coop, training, 
internships, gifts from 
industry 



4 years 

5 years 

2-4 years 

New 
New 
New 
New 

2- 5 years 
5 years 

Time Limited 

3- 5 years 

25-30 years 
5-10 years 
3-5 years 
New 
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Southwest a South 
Central— Cont. 



R&D 
Rank 



Public/ 
Private 



Univoisity 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence' 



Tenneco, Gulf. 
Superior Oil 

Oil Co. (& others) 



17 Public University of Construction Co., 
Texas (Austinl Oil Co., API 

Mobil, American 
Smelting Co. (& 
approx. 30 other 
gas & oil cos.) 

Bristol Meyers, Eli 
Lilly. Hoffman 
LaRoche. John- 
son & Johnson 

Texas 
Instruments 

Rousseau 

Tracor. Inc. 



Bendix Corp. 
(with University 
of North 
Carolina) 

Oil Cos. (15-20) 



Association of 
American Rail- 
roads, GM, Ford, 
Federal Railroad 
Administration, 
EPRI 

50-100 
Companies 

Many 



93 companies 



Many 



Geology Training 
Program 

Joint Oceanographic 
Institute 

Engineering 



Marine Sciences 
Institute 



Drug Dynamics 
Institute 



Computer Science 
Program 

Chemistry 

Military Science 



Military 
(Surveillance) 



Enhanced Oil 
Recovery 

Center for 
Electromechanics 



Structural Engineer- 
ing Laboratory 



Geology 

Geology 

Civil Petroleum 

Oceanography & 

Ocean 

engineering 

•oiuine Phar- 
maceuticals 



Computer 
science 

Chemistry 

Math, 

Engineering 
Mathematics 



Chemical 
Engineering 

Engineering 



Geothermal Program Engineering 



Bureau of Engineer- 
ing Research 

Mining Program 



Senior design 
program 



123 Public University of 
Houston 



Oil Co. (& othersi Gulf Universities 

Research Consortia 

Texas Atomic Re- Fusion Research 
search Founda- Center 
tion (& other 
energy cos.) 

Gulf, Exxon, 
Mobil (& approx. 
40 other oil & 
gas CO.) 

McDonnell- Energy Laboratory 

Douglas and others 



Seismic Acoustic 
Laboratory 



Engineering 
Multi-disc. 

Earth Science 

Petroleum 

Engineering 

Nuclear Eng., 
Maris. Sci., 
Biomed. Sci., 
Mechanics 

Energy & Environ- 
mental Science 

Engineering & 
Applied Science 



Geology. Engi- 
neering, Com- 
puter Science 

Engineering 
(Solar). Coal 
& Synfuels 



Fellowships 

Research Consortia 

Contract (Industry 
and government) 

Industrial Affiliates 
(focused) 



University based 
institute serving 
industrial needs 

Gift 

Professorship 

Government funded 
cooperative research 
(contract) 

Government funded 
cooperative research 
(contract) 

Industrial Affiliates 
{focused) 

Government-industry 
funded cooperative 
research center 
(contracts) 



Civi) Engineering Seminar 



53 

2 years 
15 years 

8 years 

New 

New 

2 years 

3 years 

9 years 
8 years 



Gifts & Government 
funding 

Technoiogy transfer 
Research Adminis. 

industry funded 
cooperative research 

Training and education 
internship Senior 
Design Projects 

Research Consortia 

Gc.-srritnent-lndustry 
funded cooperative 
research (gifts) 

Industry funded 
cooperative res.. 
Personne) exchange & 
Industrial affiliates 

University based 
institute serving 
industrial needs 
(contracts) 



Time Limited 
-recent 

New 



71 years 



New 



Nevy 



16 years 



New 



4 years 



10 years 
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Southwest & South 
Central— Cont. 



R&D 
Rank 



Public/ 

Private Uiuveisity 



Industry 



Program Name 



Discipline 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



39 Public Colorado 
State 
University 



191 Public Colorado 
School of 
Mines 



Gulf, Exxon. 
Maxwell House 

Shell 



Hewlett-Packard, 
Kodak 

Chrysler. GM. 
American Motors, 
Ford 

Many 
Many 
Many 

Ideal Basic Indus. 



Eli Lilly. American 
Oyanimid. 
Upjohn. Ciba 
Geigy. Merck 

Boeing, Bechtel. 
Sandia. McDon- 
nell-Douglas, 
Johns Manville 

Trade Assoc. (& 
others) Exxon. 
Libbey-Owens, 
Ford, GRI, EPRI, 
AMEX Foundation 

Local Cos. 

Steel Companies, 
e.g., ARCO Steel 

WR Grace, ARC, 
Rocky Mountain 
Engineering 

Coors Engineer- 
ing, Johns 
Manville 



Johns Manville, 
Gas Processing 
Assoc., Phillips 
Petroleum 

Mobil Oil 



U.S. Steel 



Center for Public 
Policy 

Ability of men and 
women to handle 
offshore oil drilling 

Graduate Assistant 
Fellowships 



• Auto Emissions 
Control Laboratory 

CSU Alumni 
Foundation . 

CSU Foundation 



CSU Research 
Foundation (CSURF) 

Cement Dust Project 
IFeedlot researchl 



Feedlot research 



Wind Engineering 
Program |Part of 
Fluid Dynamics & 
Diffusion Lab.i 

Wind Engineering 
Research Council 



Industrial Pa^k 

Steel Cooperative 
Program 



Energy & Materials 
Field Institute 



Welding Institute 



Research on Natural 
Gas Hydrates 



Synfuels Research 
Oil Shale Institute 



Earth Mechanics 
Institute 



Social Science 
Social Science 



Consulting/Gift 
Account 

Contract 



1 year 
New 



Multidisciplinary Grant— campus wide Time limited 

-new 



Environmental 
Science 

Multidisciplinary 
Multidisciplinary 



Research Consortium 



Non-ProfIt 
Organization 

Non-Profit 
Organization 



Multidisciplinary Technology brokerage 



Animal Science, 
Agriculture 

Agriculture 



Civil Engineering 



Civil Engineering 



Multidisciplinary 
Engineering 



Mineral 
eco:iom;C£ 

Metallurgical 
engineering 



Chemical and 
Petroleum Refin- 
ing Eng. 



Chemi.^try, 
Geochemistry 

Chemical 

Engineering, 

Chemistry 

Mining, 
Engineering 



Contract 



Contract 



University based 
laboratory serving 
industrial needs 
(contracts! 

Technology transfer, 
Advisory group. 
Consortial assoc. 



Industrial Park 

Personnel exchange 
& U/l cooperative 
training program 

Workshop-Technology 
t.ansfer 



Government funded 
U/l cooperative 
r^^search (grant- 
contractl 

Contracts, grants, & 
personnel exchange 



Contract 

University based 
industry serving 
industrial needs 

Contribution of 
equipment 



New 

8 years 

9 years 

40 years 

Time Limited 
2 years 
(ended) 

Time limited 

2 years' 

16 years 
1 1 years 

22 years 
6 years 

3 years 
9 years 

2 years 



Time Limited 
2'? years 

New 



/ years 
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Southwest & South 
Central— Cont. 

R&D Pul)lic/ 

Ratik Private Univ(!fSity 



28 Private Washington 
University 



Industry 
24 Cos. 



Hewlett-Packard, 
IBM, Caterpillar & 
others 

Phillips 
Petroleum 

Monsanto. GE. 
Air Products, ACF 
Industries, DuPont 



Program Name 



Exploratory Re- 
search Laboratory 

Earth & Mechanics 
Liaison Program 

Continuing £d. 



Materials Science 
Laboratory (DARPA 
Coupling Program) 



Discipline 



Geophysics 

Geophysics. 
Engineering 

Engineering 



Fellowship Program Engineering 



Materia. s 
Engineering 



Mechanism of 
Interaction 



No. of Years 
In Existence* 



Incorporation and 
-Geophysics Fund 

Industrial affiliates 
(focused) 

Short courses 



Fellowship 

U/l Cooperative 
research laboratory 
industrial liaison 



2 years 



New 



7 years 



1-2 years 



14 years 



146 Private Rtce 

University 



DEC, BBN, Picker 

Local COS. 

No Companies 
Delmar 



Monsanto 
Company 

Central 
Microwave 

Charles Evans 
& Assoc. 



McDonnell 
Douglas 

American 
Hospital Supply 



Mallinckrodt 



Varian. Georgia 
Pacific 

Exxon. O-'.v |& 
local jston 
Co.) 

McDonnell 
Douglas. NASA 
(& c'' ' 3r ounda- 
tion-, 6. individuals) 

21 Companies 



Houston 
Companies 



Biomedical Engi- 
neering and Com- 
puter Science 



Washington Univ. 
Technology Assoc. 
(WUTA) 

Industrial Park 

Development of 
Phosphite Selective 
Ion Exchanger 

Relaxation Studies 
on Glassy Polymers 



Electronics 



Electronics 



Endowed Chair 



Developed artificial 
heart value 



Hybridoma Research 

Chemistry 

REDDI 



Biomedical 
engineering. 
Computer 
Science 

Engineering 



Multidisciplinary 
Engineering 

Materials science 



Electrical 
engineering 

Electrical 
engineering 

Genetics 



Civil & Mech- 
anical Engineer- 
ing. Materials 
Science 

Medicine 



I'lT'emistry 



Engineering 



Mass Spec, to deie;:t Space .ohysics 
HjO vapor on moon, 
S'. l r power 'vRllite 
project 



Rice Corpor?.t<:- 
Association 

Rice r, -i:iter for Cor" 
munity Design & 
Research 

Dcsigi 



Multidi?,';^Hnary 

Social sciences. 

Architectural 

engineering. 



University based 
program serving 
industrial needs 



For Profit Corporation- 
Institutional Consulting 



Industrial Park 

Industry funded 
cooperative research 
(contract) 

Government funded 
U/l cooperative 
research (grant) 

Government funded 
U/l cooperauve 
research (contracti 

Government funded 
U/l cooperative 
research (contract) 

Endowed chair 



U/l cooperative 
research Contracts 
Personal interaction 



Partnershi 3 contract 

Equipment gifts 

Non-pro'- Corp. 

(Institutional 

Consulting) 

Contract 



Industrial associates 
igenerall 

Non-profit corpcation 
(contract research | 



21 years 



1 year 



17 years 

Time Limited 
3-5 years* 



Tir^.«^* ' mited 
1 v..:: 



3 y\:-?.rr: 



> years 



Time Limited 
(3' aarsl 

New 



1 year 



2 years 



30 years 



9 years 



* Approximately 

"Government funded cooperative '•osearch fr/ 



quently ifcludes m. irz-iing funds or contributions in time from industry. 
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CHAPTER I 



INTRODUCTION 



This report was prepared In response to a request 
from the national Science Board for Information on 
science and engineering faculty at state colleges and 
their links with local and other Industry. The paper 
follows a more limited presentation by the principal 
investigator at the Symposium on "Successful Models 
of University— Industry Collaboration on Research" at 
the annual meeting of the American Association for 
the Advancement of Science at Toronto In January, 
198L That report discussed California state colleges; 
it has been expanded here to include data from a survey 
of science and engineering faculty at five campuses of 
that statewide system, known officially as the California 
State University and Colleges (CSUC). That survey was 



carried out by the principal investigator two years ago; 
and it has been supplemented here with interviews at 
several other CSUC facilities In the summer of 1981, 
and by Information received from a number of other 
state colleges throughout the country. 

Chapter II presents a short history of the devel- 
opment of state colleges In A|nerican mass higher 
education; Chapter III analyzes some research and 
consulting data from a recent questionnaire survey of 
science and engineering faculty at five state colleges In 
California; Chapter IV discusses the organizational 
aspects of such state college-based research and 
development activity. Chapter V provides concrete 
cases of R&D linking state college faculty and private 
Industry In California, and Chapter VI presents addi- 
tional cases from around the country. Chapter VII pro- 
vides concluding comments. 
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CHAPTER 11 



STATE COLLEGES: ORIGIMS, GROWTH 
AMD TRAMSrORMATION 

While the process of Industrialization did not 
originate in the United States, mass higher education 
in tlie context of an Industrial society certainly did. 
rurthcr, it can be argued that this expansion of higher 
education was initiated within the pace-setting state of 
California.^ If so, it is appropriate that the original data 
which gave rise to this present report comes from a 
study of faculty at the mass-oriented California State 
University and Colleges (CSUC) system. 

State colleges have an apple-pie ubiquitv within 
the American scene. Their familiar presence through- 
out the land follows from the fact that many began as 
normal schools In the 19th century, training teachers 
to provide mass public education through local school 
districts. Later, as teachers' colleges and colleges of 
education, they broadened their offerings in response 
to growing demand for postsecondary education, ulti- 
mately evolving into state colleges. Today they are 
to be found in all fifty states; their distribution varies 
for reasons of history and state educational policy but, 
in general, there are more in the large and populous 
states. 

The state colleges comprise a "second-tier" of the 
higher education hierarchy: more than 300 non-elite, 
public, four-year colleges and universities described by 
Dunham^ as "colleges of the forgotten Americans ". 
These must be clearly differentiated from the "first- 
tier," approximately 200 elite-oriented public and pri- 
vate institutions which grant doctoral degrees and 
which are known as "research universities" (or "doc- 
toral universities"). By this time many. If not most, of 

•rriuik A. DarKncll. The Carnegie Philanthropy and Private Cor- 
poriitc hiflnence on Higher Education." pp. 385-411 in Robert f. 
Amove, cd., Hulanthropy and CuUwal Imperialism: The rounda- 
tions ,d Home and Abroad (Boston: Q.K. Hall & Co., 1980). 

-i:. Aldcn Dunham, Colleges of the forgotten Americans: A f^ro- 
file of State Colleges and Hegional Universities (Mew York: McQraw- 
Hill Book Coinpany. 1969). 



the second-tier campuses h?ve upgraded their titles to 
Include the word "university," even though they do not 
in most cases grant doctoral degrees or grant too few 
to fit the doctoral category in the Carnegie Classi- 
fication (see below). 

While most of the cases presented in the follovi^ng 
chapters Involve California state colleges (the older 
"state college" designation will be used from here 
on In the text for sake of simplicity). Table 1 shows 
how state colleges stand in terms of the numbers of 
students enrolled relative to other public and pri- 
vate facilities— including public two-year community 
colleges. The table is excerpted from 1976 data pub- 
lished by the Carnegie Council for Policy Studies 
(CCFSHE) and displays the student enrollments of the 
various sectors of American higher education (state 
colleges correspond roughly to what CCPSHE cate- 
gorized as "Public, Comprehensive Universities and 

Table 1 

Enrollments in Institutions of Higher Education by 
Type of Institution and Control, United States, 
1976-t-in Thousands* 





Public 


Private 


Total 


% Public 


% Total 


Doctorate 

Institution 


, 2,389.0 


673.4 


3,624.4 


78.0% 


27.4% 


Comprehensive 
University or 
College 


. 2,372.6 


796.9 


3,169.5 


74,9% 


28.4% 


Liberal Arts 

College 

Two-year 

Institution 


19.5 
3,825.2 


511.7 
152.2 


531.3 
3.978.0 


3.7% 
96.2% 


4.8% 
35.6% 


other 


150.3 




429.8 




• 3.8% 


TOTAL ... 


. 8.750.3 


2.414.4 


11,164.6 


78.4% 


100.0% 



• Source: Carnegie Council on Policy Studies in Higher Education^ 



^Tablc i excerpted from Tabic 2 (pac^c xii) in A Classification of 
Institutions of higher Elducation (Kcviscd Edition). A Report of the 
Qirnegie Council on Policy Studies in Higher Education, BerKeley, 
California. 1976. 



166 



174 



Colleges"). It can be seen that in terms of 1976 enroll- 
tnents, the state colleges (' Comprehensive Universi- 
ties atKlColktti'js.f'ublic") enrolled about as many 
students as the public doctoral institutions. Enroll- 
ments have since increased more rapidly in the state 
college sector and these now constitute the largest 
four-year enrollment sector. 

Turning next to recent national comparisons of 
faculties in terms of the numbers and proportions 
of faculty with doctoral degrees in science or engineer- 
ing. Table 2 provides comparative data over time. In 
this case, the state colleges are represented by the 
"public, master's and bachelor's institutions" in data 
provided by the national Science Foundation. 

Table 2 

Fulltime Scientists and Engineers with Doctoral 
Degrees: Faculty and Others, at Public 
Universities and Colleges Classified 
by Highest Degree Granted, 
January, 1976 and 1981* 





Total Doctoral 
Degrees 


Doctoral 
Institutions 


Master's and 
Bachelor's Institutions 


1976 
1981 


86,049 (100.0901 
96,221 (lOO.OOol 


65.753 (76.41%) 
75.713 (78.68%1 


20.296 (23.59%) 
20,508 (21.31%) 



'Source: N.S.F./S.R.S/ 

It can be seen that although state colleges have 
bizizn enrolling increasing numbers of students, at the 
same time they have not recently been increasing the 
numbers or their share of science and engineering 
faculty with doctoral degrees— compared with the 
research and doctoral universities. Between 1976 and 
1981 the number of science and engineering faculty 
employed at state colleges has increased from 20,296 
to 20,508, but this has represented a percentage drop 
when institutions limited to bachelor's and master's 
degrees are compared with the doctoral campuses. 
Data presented in Table 3 demonstrates the overall 
increase in doctoral faculty at California state colleges 
before the mid-seventies. But returning to the figures 
in Table 2, the obvious imbalance of total science and 
engineering doctoral faculty between the doctoral and 
research universities and the state colleges is more 
easily comprehended when the relative teaching loads 
carried by teaching faculty in the two kinds of institu- 
tions are noted. State college faculty members, in general, 
teach about twice as many hours; and, therefore, could 
be said to be used more "productively" as teachers 
than are doctoral and research university faculty. Further- 
more, because state colleges are not designated nor 
funded as research institutions, they do not hire large 
numbers of non-teaching scientists and engineering 
scientists as do major research universities. 



Mlxccrptctl Irnm spccml diit«i run for national Science Totinda- 
tion (SKS), October. 1981. 



Table 3 

Number and Percent of Fulltime Faculty: U.S. Higher 
Education, Selected Public Universities,** 
California State (Colleges) University* 



California State 
University and 
Colleges 



Selected Public 
Universities" 



All Higher 
Education 







Annual 




Annual 




Annual 






Growth 




Growth 




Growth 




N 


Rate 


N 


Rate 


N 


Rate 


1961/62 


4.341 


11.3% 


8,921 


10.1% 


162,000 


13.2% 


1965/66 


6,410 


11.3% 


12,545 


10.2% 


248,000 


10.4% 


1969/70 


10,235 


14.9% 


16,435 


7.8% 


350,000 


10.4% 


1973/74 


11,074 


2.0% 


19,000 


3.9% 


389,000 


2.8% 


1977/78 


11,296 


0.1% 


18.400 


-0.1% 


449,000 


3.8% 



' Source: National Academy of Science* 

"Universities of California, Illinois, Michigan, Minnesota, Washing- 
ton, and Wisconsin 



Since the end of World War II, state colleges have 
developed in the context of several factors which have 
influenced the demand for higher education, college 
enrollments, and the overall structure of American 
postsecondary education. Beginning with the Service- 
men's Resettlement Act of 1944, the various Q.I. bills 
brought a dramatic spread of opportunity and subse- 
quent mass demand for higher education among the 
American population. The large numbers of ex-service- 
men and women who chose to go to college surprised 
even the original sponsors of the 1944 Act.^ Many of 
these veterans were drawn from families that did not 
customarily send children to college; thus,the Q.i, bills 
had a significant ^seeding" effect in stimulating further 
college attendance in the 1950's and early 1960's 
among lower middle and working class families. The 
role of the Vietnam War in the middle and late 1960's 
was even more complex; college enrollments were 
stimulated not only by veterans' benefits, but also by 
the interaction between the military draft and college 
draft deferments. 

Such increases in the participation rate present 
one dimension in the demographic analysis of college 
enrollments; another involves simply an increase in 
the traditional college-age cohort. The "baby boom 
the children born in the high birthrate period from the 
late 1940's through the 1950's— comprised what edu- 
; ntors foresaw as a coming tidal wave of demand. Its 



^Pxccrptcd from Tabic 1 (page 13) of Hesearch Excellence 
' '^ucih the Year 2000: The Importance of Maintaining a Flow of 
-i;;. r;iLulty into Academic Research. A Report with Recommenda- 
tions ■ the Committee on Continuity in Academic Research Per- 
formance. Commission on human Resources. National Research 
Council. i iiHibnal Academy of Sciences, Washington. D.C, 1979. 

f^^Keith W. Olson. The G.l. Biii: The Veterans and the Coileges 
(Lexington. Kentucky: The University Press of Kentucky. 1974). p. 27; 
Daxid D. henr-y, Chattenges Past, Chattengcs Present: An Anaiysis 
of American Higher Education Since 1950 (San Francisco: Jossey- 
Bass. 1975). Chapter 4. 
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tlircat often produced near panic among planners and 
(lovernnient oftlcials.^ 

All these (actors called for an increase In numbers 
ot universit)' €ind colkujc [)lac:es and in their accessi- 
bility to students throughout the country. This meant 
the development of entirely new Institutions, and even- 
tually systems of institutions to meet the expanding 
demand. California, where approximately twenty junior 
colleges and a handful of state colleges had existed 
since the 1920's. was the first to move toward system- 
atic statewide expansion after World War II. By the late 
1950's, California had become an industrial region of 
great potential growth. Industrial development— In 
aerospace, electronics and related Industries — was 
stimulated (Irst by war production In the 1940's, and 
later In the mid-(iftles by the unexpected achievements 
of the U.S.S.F^. in space technology. Sputnik / and sub- 
sec|uent Soviet accomplishments came as a profound 
shock to Anu!rlcan complacency about advanced scl- 
entilic development. When it became startllngly clear 
that the Russians were leading in the "space race," 
there was nationwide demand for the immediate up- 
grading of "human capital" in the form of more highly 
educated and fully trained personnel to meet the 
new threat. In California, cheap higher education 
and advanced technical training became a widely-sup- 
ported solution to industry's post-Sputnik needs for 
masses of technicians, experts and administrators." 

This difficult political, fiscal and educational situa- 
tion was stabilized. If not fully resolved, in the early 
19G0's by the establishment of a California Master Flan 
lor Higher F.ducatlon by the legislature. The Donahoe 
Act (1960) set up a stratified system providing for a 
hierarchy of three "segments" which were further "dif- 
ferentiated l^y function".'^ These were: (a) an elite doc- 
toral and research university system of "world class" 
campuses: the nine campuses of the University of Cali- 
fornia at Berkeley, Los Angeles, and seven additional 
locations, (b) a less than doctoral and less than elite 
range of facilities for mostly four-year students at what 
ultimately came to be 19 state colleges scattered the 
lenglh ol \hc state, and (c) two-year "community" col- 
leges {forinerly junior colleges), ultimately 100 or 
more x A \\w\u providing academic transfer or terminal 
voc.cUionai haining and education at the local level 
e\en\vliere \n the steite. 

Ot particular interest here is the. fact that the Uni- 
versity of California by monopolizing the doctoral 

nrtit>. (*/i.i//cM(|c.s /'«?s(, CluiHrtmcs rn'scnt. Clui[5lc? 7. 
"Uilli.im I')<nl()\v .uul i cier Shiipiit). An ImcI to Silcfux': The S.m 
f'l.niiisto St.tU' Student i U}vcnU'nt*in the 6()s (Plcw Yt>rK; lk>l)bs- 
Mrttill. hu., ][)7\\. Cluiplcr t; T.W. Sduiltz. ■ItivcsUnciit in Mtnnaii 
Cipit.il. . VMrm.iM lUonomU I<ceieie5\ (March 1961). 1-17; Cjiii-\ S. 
IWdu't. ininum C.ipit<it: A rheotelU\il rimfutieiil An.Uifsis irith 
'^^f)eei.l^ Kefetenee to lUliuMion (ricw York: ColiMiibiii Utiivcrsit) 

'] . K. McConnrll. T. C. Ittilly. tJiul fl. II, Sctn.ins. A Kestmhi ol the 
N'ct/s ()/ C.Uifotnhi in lUqhcr lUliuwtUm (S.uriitiicnto: C^iliforiiiii 
Sttik: Dcp.Mtnionl of Ccliic tilit)ti. 1955). 



degree under the plan, continued to attract the greater 
share of federal funds, which was the planners' intent. 
This together with the heavier teaching load for fac- 
ulty at the state colleges (100% greater), meant that 
serious academic research was not expected to be 
done there. In many ways, the CaUfornla master plan 
became a kind of model for sim.'kirly rationalized and 
stratified systems of mass hlc/ticr education in other, 
states and was promoted as sudi by the Carnegie Cor- 
poration of rSew York.*^^ 

An Indication of the somewhat uneven but rapid 
expansion of mass higher education In the U.S.A. at the 
time, and the comparative grov^h of the California 
state colleges together with a number of selected 
major public research universities. Is avallaole In data 
published by the riatlonal Academy of Sciences. The 
data give a picture of the post-Sputnik expansion (after 
1957) at several levels In the nation's system of mass 
higher education (Table 3). 

By 1970, the end of the first decade of the opera- 
tion of the master plan for higher education In Cali- 
fornia, some questioning of the original concept was 
beginning to occur, especially with regard to the role 
of state college faculty. Prior to the 1960's a few 
Fh.D.'s had found their way Into the state colleges, but 
they were usually a minority among the Ed.D.'s remain- 
ing from teachers' college days. Indeed from the per- 
spective of the Ph.D. graduate school, state colleges 
appeared as an academic Siberia where candidates 
who failed to finish dissertations were consigned. By 
the mid-sixties, however, Fh.D.'s began to appear in 
greater numbers— partly In response to the move by 
state colleges to redirect their curriculum away from 
an emphasis cn teacher training toward the traditional 
undergraduate departments of the liberal arts college. 
This move was encouraged by prevalent critiques of 
teacher education^ ^ and. In California, legislation 
requiring that prospective teachers acquire a "subject- 
matter" major rather than concentrate on education 
methods.'* 

riew and expanded doctoral programs at the 
nation's research universities, responding to the pre- 
viously mentioned "Sputnik demand" for skilled and 
specialized experts as well as for "fully qualified " 
facult}' at the many new or upgraded universities and 
colleges throughout the country, ultimately saturated 

"T. K. Mc.CdiiiiclI, A Oenetwl rtittetn Ametie.m rulilic tlUiher 
/:c/uf ci/JoM (ricw Yt>rK; McGriiw-Mill Bt)oK Conip.niy, 1902). 

'•Jiinics li- Ct>niint, S/Kip/Mr/ /if/iu a/zonci/ /'(Wi(i/ (new York: 
MtOriUv ltill Uook Ct>tn[)any, 1964), pp. 83-96. 

'-'The iJctMisitu; ol Certificated Personnel Law, coninionly Known 
.It the titne ,is the |-ishet Pjill, was passed in 1961, See James 15, 
Conant, The iAtucttion ol Ameiieitt} Te<u hets iPiew York: McGiaw- 
Uill iJook Conipany, \9i)7>\. pp, *24-25; Conant. S/Kjp/M(j lUluaitiondl 
l'oU( If, pp. 88-96; Koy IC. Simpson. The Development of Mew Cre- 
(U-ntial KetiuittMUCiUs' ditilornLi Sehools 35 (AtKU'^^l 1962). 265- 
288; .i!Ui I lank l.aycock. Academic Majots lot lUomontaty School 
Teachers: KecetU C'.alilottua I.etjislation. H,ite,\Kf luliuwtiontil He- 
r/cN'32 (Sprituj I9f)2). 188-199. 
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tlu! market for science and engineering Ph.D.'s. As 
early as 1967, cjraduate schools at the expanded re- 
search univiMsilies w/v.w. hcMtig warticd against.prpduo 
\\K\ too many Th.D. s.''' ISy the early I970's over-pro- 
duction ol f^Ii.D.'s nuuched over-production of goods 
in otlier ifidustries, vvhich along with increasing infla- 
tion, was felt throughout the nation's rer^" ch univer- 
sities and ultimately through all of highei .ducation. 

The new abundance of Ph.D.'s expanded the pool 
of aaidemic talent available to all universities including 
tlie stiite collcfjcs in California and elsewtiere, especially 
in tlie sciences and engineering— the result, in part, of 
mass layofis in the aerospace and electronics indus- 
tries tollowing the successful moon landing. Table 4 
shows the increase in the proportion of doctoral rela- 
tive to master's degrees among faculty respondents in 
all disciplines at two- and four-year colleges and uni- 
\ersities covered by ihe Carnegie national Surveys of 
llic^her iuluaUion in 1969 and 1975. 

Table 5, next, shows that during approximately 
tlie same period the state colleges of California added 
substantially to tiieir doctoral faculty during this period 
of Ph.D. surplus." Table 6 focuses on the five Cali- 
toni'a state colleges which were the locations of a sur- 

Table 4 

Percent of Faculty Respondents Reporting Doctoral 
and Master's Degrees, Carnegie National Surveys 
of Higher Education (Criterion Samples!, 
1969 and 1975* 

1969 1975 

Doctoral 50.3 58.7 

Masters 35.6 30.0 

* Sourco Carnegie Commission/Council National Surveys of Higher 
Education. 1969 and IGTS'' 

Table 5 

Percent of All Faculty with Doctoral Degrees, 
California State Colleges, 1967/68 and 1979/80* 

1967/68 ' 1979/80 

52 2 - 71.8 

'Sou'ce: California State University and Colleges and California 
Postsecondary Education Commission'^ 
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•■^I.iitin I i(iV\ /r,i( Mcrs .mk/ Stuilriits: Asf)C( ts of An\ctii \\n 
*!!i}hrt /.(/ih ,(/ifj^/ if>i u VojK: McCiraw-I till ISodk Cotupiiny. 1975), 
pn. 3 Jir(I\ K()i/i-!i, !-ult(in. «iiul M.ittiti Iiow. T('( lv\i(<il 

Ki fuiit: l'f,~ri CiiHi tiic {\nuu il P^.ttioiiiil Siiirriis ol likilwr Ildudt- 
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ttMM.jl Ki siMnh "^t^itisttf <il M)^ti\n t tt> .luhf /.977 ' l.tiiui I)C,k li: 
l*<7Mi p. .liiloinia Tostsct orultiry LduCtU idii C ointiiissioi!. 

Inh'inKitinti Duii st «Sf mS«k r.rnionto: 1981'. p. '2\7i. i lhc st.Ucwiik* 
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Table 6 

Percent of All Science and Engineering Faculty with 
- Ph.D., Five CSUC Campuses, 1966/67 and 1976/77* 







1966/67 


1976/77 






79.6 (3:9) 


91.7(590) 






33.8 (65) 


67.0 (106) 



• Source: CSUC college catalogs from the five campuses used in the 
Survey'*" 



vey discussed in following chapters, and demonstrates 
that these campuses in the key ten-year period be- 
tween the mid-sixties and the mid-seventies were able 
to ' top-off' the significant majorities that Ph.D.'s com- 
prised in science departments (biological sciences, 
mathematics and statistics, physics, chemistry and 
geology) and significantly raise the proportion of engi- 
neering faculty with Ph.D.'s. The increase in absolute 
numbers of scientists and engineers, both with and 
without doctoral degrees, at the five colleges during 
this historic period of expansion is also visible in the 
numbers in parentheses. 

As the number of Ph.D.'s in the stale colleges 
increased, it was felt by some that faculty of this type 
inevitably threatened to distract the second-tier insti- 
tutions from the purely teaching function envisioned 
under the stratified model of the master plan. Their 
doctoral preparation — and, in many cases, their work 
experience — had promoted the value of research; 
relegated to a setting exclusively devoted to teaching, 
they often became restless. In his Carnegie Commis- 
sion profile of the state colleges in 1969, Dunham 
predicted the conflict in which Ph.D. faculty at state 
colleges would inevitibly find themselves: 

A Pli.D. at a sIa\c. <.:o\Uzi\c will nlways coiiiparc his 
slnlus with thai cr^Hcaguc at the state university 
and will seek to cic :hc same kind of things and want 
1(1 rcc:civc sixmr kind of rewards.'' 

L,ooking at Ihc situation from the point of view of 
highly educated and trained personnel, i.e. the Ph.D.'s 
in all-teaching institutions, such a confiict might be 
seen instead as breeding resignation and denial of 
research, part of a process referred to elsewhere as 
"rustication."^" 

This report, however, focuses on some state col- 
lege science and engineering faculty who have respop.:jed 
to tlieir situations more positively by forging new links 
of seiA'ice wit!i their surrounding communities. 

"•S{)Uic.c: colkctu cat.ildcis for the year 19f^(v'f>7. hicludcd: San 
DiejU) St«Ut! C{)lk:cic; Califonila State Collecie. rullerton; Krcsno 
St.ito C{)lloctc; Oiicxi State Collec^e; and Hu nihoklt State Cnllcgc. 
Vnr 197f) 77 ye.n catalocts: San Oiec^o Slate Llni\ersity; California 
Stiitt: t'riiwrsitv. f'nilerton; Calift)rnia State Dniveisily. f'rcsno; Caii- 
f(irni«i State Uniwtsity Cl)ia); anct Itunifjuldl Stale Univerisity. 

' ■ Dimluini. Coltcqrs of the roifiottcn AnwrUums. p. 1(34. 

'' I t. ink A. i>at Knell. Mass flicilier f'xkicatiun and llie Distril")Uti()n 
Of S( ientilK ln(|uir\: an r.ssay in tlie SuLioltK\>' of Kusticatiun " (paper 
ptesentetl <i\ tueetincts of the American Sociolociicv.l Association. 
S.in I'tancist (), Septenit)er H)7H). 
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CHAPTER III 



CALirORMlA: A SURVEY OF 
FIVE CAMPUSES 

The following three chapters focus on links be- 
tween Caiifornla state college science and engineer- 
ing faculty and Industry. The present chapter presents 
pertinent survey data from an on-going study of Cali- 
fornia state college faculty In the same fields. Chapter 
IV in turn will discuss the organizational context in 
which state college faculty and industry interact In 
California; and Chapter V will present In greater detail 
some specific cases. 

A. The Science and Engineering Survey— CSUC 

The Science and Engineering Study, from which 
tne data that follows is drawn, was designed to gather 
information on the prevalence of research and consult- 
inc; activity among science and engineering faculty at 
teac hing-orientcd institutions. A pilot study at Call- 
lornia State University, Sacramento (formerly Sacra- 
nietito State College) In 1978 was followed In 1979 by 
a mail suiAcy of five oi^ :"r campuses In the California 
State University and -lieges (CSUC) system: San 
Dieyo State; Callfonv State, Eullerton; California 
State, rresno; California State, Chico; and Humboldt 
Slate in Areata. The five were chosen from the nineteen 
CSUC cainpuses according to criteria allowing for pro- 
cluv:tive comparison. Including location, age of cam- 
pus, and faculty publication rate (as determined by 
recent citations).' 

The survey achieved an average response rate of 
about 65%, with a low of 54% (Fresno) and a high of 
69'^') (ruilcrton and Humboldt). Som.e questions were 
not alwa\s answered — possibly because for some of 
the Uicuity the topic treated was sensitive— and, some- 



times apparently because busy respondents acciden- 
tally turned two pages of the staple-bound question- 
naire at a time. In general there were higher returns 
from senior faculty and faculty with doctoral degrees. 

b. The Question of Ph.D. Quality 

Measures of the quality of graduate schools and 
their programs included In the survey analysis do not 
provide direct Information on the standing of each 
Ph.D. within his or her graduating class, but they do 
provide a distribution of respondents on the basis of 
the standing of the graduate schools they came from— 
and particularly of the programs that produced them. 

As shown In Table 7, about 88% of the survey 
respondents with the Ph.D. report having degrees from 
graduate schools classified by the Carnegie Council as 
"Research Universities I or 11."^ The Carnegie classifica- 
tion reflects certain objective measures such as the 
fact that institutions in these categories absorb the 
largest amounts of federal funds and turn out the larg- 



Table? 

Percent of Science and Engineering Faculty 
Respondents at Five CSUC Campuses with Ph.D. 
Degrees from Graduate Schools Ranked by 
Carnegie Classification 

Carnegie ClassiticpJtcn Peicent of Ph D. Faculty 

Research University I ^^'^IbBZ 

Research University II 15,1 > 

Doctoral University I 8-6 

Doctoral University II , . , -2 

Comprehensive Universities and Colleges , .7 

SpeciDl and Foreign 2,2 

99.9 (N = 417| 



' I his suiAVN bewail in 1978 with d pilot stuci^ , C'-:'' -nid State 
rtn\risit\. Sac ra!iH'!it(), s{n,ns()!ctl tn the fialic :ien^.o roiuidci' 

ti.Mi. am) was folUnvcd in 1979 h> a siuacv ot fi\c vAhcr campuses -Carncuic roundation (or the Advancctiiont o( Icachniy. A 

ol \Uc c:sic: system, supported in part by faculty research funds a^issifkntUm ollnstnuU^^^^ 

lio!Ti the CSl'S roundation. 1.07(3). 
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L'st iuMiil)crs of Pli.D.'s hi a year. However, we also liave 
A (iioii* clhiHl tiieasiac ol quality: an attempt to rate 
.u tii.il dodoi.i! pionrcuns willilii llieir various fields, 
riiis is the set o) rcilituis puhlishccl hy tlie American 
Council on tkiucation (ACl:) in 19 70, l)cised on reputa- 
ticMicJl rnnls.ln(\s by experts ftoni tlie various disciplines.*^ 
l .jhlc H sliows lIuU npproxinialely 5r>() oftiie Call- 
loini.i stale collecic respondents obtained deyrees at 
institutions in tlie highest ol tiie ACl' catecpries; and 
that altocietlier, alxuit three-c|uarters ol tlie respond- 
ents ui^rc (roni American graduate programs wliicii 
\v<' important enouc^h to be included in tlie ACl:- 

• )C^U]lll."^ 



Tables 

Percent of Science and Engineering Faculty 
Respondents at Five CSUC Campuses 
with Ph,D, Degrees from Graduate 
Programs Ranked by ACE Rating 

ACS Rating Percent of Ph.D. Faculty 

.i 0 - f) 0 ; highest category! 50.8 

2 b ■?9 ' 15.6 

20 '2. -X 11-5 

School program not listed 8.6 

No rating tor field 11-5 

Foreign 1.9 

99.9 IN = 417| 



C. Interpreting Survey Responses 

With reciiird to the intcrpretiitlon ol sur\^ey niate- 
li.il hrlou. c:eitnin Ctuc^ats are in order. Altliougli tlie 
(lis( ussion that tDlUnvs attempts to distinguisli bc- 
tvvei ii research" and "consultinc]" activity, it may well 
he that consultinc^, advisinc; and research— especially 
ap[)lir(l rcsirarch— are linked in the minds of at least 
sonu" li spondents to the point of beinc] interchange- 
ahU*. The Key cjucstionnairc items were as follows: 

t^. ()H. lUivc you, «)s «)ii iiulivitluaL prcniclcd prolcs- 
sioiial services in your field off campus, 
siK h .is.Klvisoiy. eonsulliiu;, (^|- educational 
.etvices siiue ( Diniiu; to youi' caiiH)us? 

Q.ij'i. Do \ou rectulcirly receive iiicotiie Iroiii [)ro- 
lessioUii! vvoiK sueli r)s cousulliny or extra 
li;.K;nitu\ ofl i iini[)us in culdilion to your 
s,j|<ir\ Ironi CSUC./ 



K. nni lh h. Kous ■ -nd Ch.irlcs.). .'\iuU:rst:ii, A li^ilinfi of C//«k/- 
inti- / M/fz/.i/Ms .VV.ishiiu;lnn. O.C.: AnuMicni C.cnuu il (Hi fxlucatlon, 
l'i7(M. 

■Kc< iMit lAidiMu i' ol Ihr u ( uiilnurnt ol l.K.ulty from nuijor i\\iu\- 
u.itr M hools t)V sldtf ( ()llcc^t:s is U) In: lound in John A. Muffo ark, 
lohn K. Kohinson. i:.nly SciiMKC C .iii'ci f'.ittcrns ol Kec ont Cn.idu- 
.ih s hnin l.f.idinn K<'si',n( h UiiiuTsities . Institution. il fU-seaK li 
( Uu'l.ind St.itr I'niuMsity. unirniroi. 



Q. 98. Cjs) you presently have a research or design 
prc^Ject in progress? 

Q.99. ll yes, is it funded? 

Tor ma!iy faculty, coiisulting stands for a broad 
atid diverse category of piofessional activities: it can 
include eveiything from brief on-the-si^ot judgements 
followed by advice over the telephone; to special 
courses frequetitly arranged for external client com- 
panies or government agencies; to extensive research 
directed at problems brought by clients wlio stand 
ready to pay for solutions. At tlie same time, research 
may be linked with design, especially for engineering 
faculty, who tend to undertake applied research lead- 
inc^ to both the advancement of knowledge and the 
development of devices (''hardware") or methods 
("so II ware"). 

Put another way, because of the applied nature of 
many opportunities open to state college faculty for 
engaging in non-teaching professional woi*k, it is prob- 
ably advisable to avoid too strict an interpretation of 
the following data on ''researchers" as opnosed to 
"consultants." With this in mind then, both the "re- 
search" question and the "professional services" ques- 
tion (which will be called "consulting" here for con- 
venience) may best be seen as representing a single 
continuum of activity for both science and engineer- 
ing faculty. (Tor illustrations of the manner in which 
distinctions between research and cotisulting tend to 
be blurred, see cases cited in Chapters V and Vi. For 
a j:)articularly cogent example of "pure" research car- 
ried out within the framework of a paid consulting con- 
tract, see the case of the ornithologist at California 
State Polytechnic, Pomonei in Chapter V). 

One otiier caveat: the "consulting" question asks 
if the faculty member has provided services "since 
cominci to your campus," allowing respondents to 
consider all past activities. The "research" question, 
on tlie other hand, asks only about projects currently 
in progress. Thus, it might be expected that affirma- 
tive consulting responses would be somewhat inflated 
compared to those for research. The questions — 
which were not designer with this present report 
in mind— were intended to reflect certain differences 
in the two activities: consulting is frequenily an inter- 
mittent activity where recognized expertise is drawn 
upon in response to a specific need, whereas research 
is often considered as part of a continuing program 
or "career", involving an expectation of cumulative 
results. 

riow turning to the survey data. Table 9 shows that 
80.1"/o of the survey respondents reported they had 
provided consulting services off-campus, and 73.9% 
reported having research in progress. While these 
figures indicate a high level of activity, fewer respond- 
ents report regular income from off-campus work 
(34.4(X,) or funding for current research (27.5"/.l 

Table 10 shows that 93.5% of the respondents 
reported themselves as currently active or as having 
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been iictivc professionally beyond their teaching duties, 
hi oilier words Ihey reported doing research, consult- 
inct or both. Ilowrvrr. (ew(M riiculty reported iiaving 
lunckul rcse.uch uiKtnw.iy. h<u'iiui done paid consiilt- 
iiu^ or both. 



Tables 

Percent of Faculty* Ever Providing Professional 
Services Off-Campus ("Consultants") or Having a 
Research or Design Project in Progress 
r Researchers"! and Percent of Faculty with Regular 
Consulting Income ("Paid Consultants") or with 
Funding for Research ("Funded Researchers") 



Consultants 
80.1 |417) 
Paid Co J Hants 
34 3 |419i 



Researchers 
73.9 1418) 
Funded Researchers 
27.5 (414) 



•■'Faculty" in tnib and subsequent tables refers to all science and 
engineering faculty respondents. Parentheses in all tables contain 
base N's. 



Table 10 

Percent of Faculty engaged in Research, Consulting 
or Both, and Receiving Income or Funding 
for these Activities 



haculty doing Research. Consulting, or Both 95.39b (404) 

Faculty doing Funded Research. 

Paid Consulting, or Both 46.6% (400) 



O. Academic Fields 

Tciblcs 1 1 and 12 show the distribution of consult- 
inci and research qctivity and associated income or 
fiindinci by academic field. The tables highlight some 
striking differences between fields. A lower percentage 
ol nuUhenuilics and statistics faculty report involve- 
ment in non-teciching professional activity than do 
those in other fields, although they are more likpiy to 
l^c enci^Kiecl in [providing consulting services than to 
hcive ii resctirch [Mc^jcct underaay. This suggests that 
state collecje mathenuitics and statistics faculty have 
compc.ativcly little opportunity to engage in "pure" 
scientific work wh^v^h, particularly in this field, requires 
iarcje (blocks of uninterrupted ' thought" time. Much of 
the off-campus consulting service that is done is 
statistical in nature. 

Compared to other fields, a higher percentage of 
faculty in enciineering and other applied sciences 
(forestty, fisheries, etc.) report consulting activity, as 
well as leciular income from this source. This renects 
the mutually reinforcing relationship between teach- 
inci and outside practice in these fields where outside 
problems are routinely brought into the classroom— 
sometimes leadinc; to class-developed solutions. Stu- 



dents often prefer to draw their term projects from the 
"real world" rathr^ than working with simulated labor- 
atory exercises. Thus faculty with off-campus obliga- 
tiotis can involve willing students in practical projects 
that come their way. This cannot be said— at least to 
the same extent— about undergraduate teaching in 
the basic or pure sciences. Here, outside practice is 
more likely to be regarded as "moonlighting"— a per- 
sonal acti\ ity largely separated from the classroom. 

Another factor in professional activity off-campus 
is the occupational history of faculty concerned. In the 
California state colleges under study, previously estab- 
lished ties between private industry and engineering 
faculty are not uncommon. Personal interviews at sev- 
eral campuses have confirmed that the massive layoffs 
in the California aerospace industry in the late 1960's, 
mentioned in Chapter II, did release a considerable 
number of engineering and scientific personnel to 
positions in higher education which was rapidly ex- 
panding at the time. 

^:. Sponsoring Agencies 

Table 13 gives some indiction of the extent of fac- 
ulty involvement with differing sponsoring agencies in 
their non-teaching professional activities. Respond- 
ents with regular consulting income or funding for cur- 
rent research were asked to rate the importance of 
various off-campus agencies for their own research 
and consulting activities. 

For both groups government agencies (local, state 
and federal) were most important, followed by indus- 
trial organizations. Of the three major types of organi- 
zations, military agencies were rated least important. 
(It is, of course, possible that some defense-related 
research and consulting work may be perceived by 
respondents as government or industrial activity.) 



Table 11 

Percent of Faculty Providing Consulting Services or 
Having Research in Progress, by Academic Field 



Eng./Appl. 

Biol. Sci. Rhys. Sci. Math. /Stat. Sci. 



Consultants . . . 
Researchers . . 



80.8 
84.4 



11281 



76.5 
80.4 



(1361 
(1381 



72.5 
58.8 



69) 
681 



93.9 (82) 
59.5 (84) 



Table 12 

Percent of Faculty with Regular Consulting Income 
or Funding for Research, by Academic Field 





Biol. Sci. 


Rhys. Sci. 


Math. /Stat. 


Eng./Appl. 
Sci. 


Paid 










Consultants . 


29.5 (1321 


31.3 (134) 


25.4 (711 


54.9 (821 


Funded 










Researchers . 


32.8 (1281 


30.1 (136) 


10.4 (67) 


28.9 1831 



Table 13 



Percent of Faculty with Regular Consulting Income or Funding for 
Research Rating Importance of Sponsoring Agencies 



Paid Consultants 



Funded Researchers 



Importance 



Importance 



Major Sponsoring 
Agencies 

Government 

Industrial 

Military 



Higher 



Mixed Lower {N\ 



Higher 



Mixed Lower 



[N] 



77.2 
58.6 
9.6 



11.8 
14.5 
7.9 



9.5 1136! 

19.0 11371 

56.1 (1141 



89.2 
37.5 
4.3 



5.4 
17.3 
8.5 



2.7 (111) 
33.6 (104) 
56.3 (941 



14 shows the "higher importance" latiiuis 
ni«ule In- these same faculty grouped by acridcmic 
tiekl. Industrial organizations are more often rated 
iinportaiit or very important by faculty with regular 
( Dnsulling income than by those with funding for cur- 
liMil resecirc.h. I liis follows from the fact that while 
ivsearch funds are usually obtained from government 
aciencios, consulting income is more likely to emanate 
from soveral types of organizations. 

Of faculty receiving regular consulting income, 
lliose in mathematics and statistics, and engineeriiig. 



tend to rate government and industrial organizations 
as equally important. The percent of these mathematics 
and statistics faculty rating either type of organization 
as important is relatively low; this may reflect the gen- 
erally lower salience of non-teaching professional 
activity among state college faculty in this field. The 
percentage of eiigineering faculty who rate industrial 
support as im.portant or very important is greater than 
those in al' other fields; this might be expected to 
follow from the connection between engineering teach- 
ing and practice mentioned previously. 



Table 14 



Percent of Faculty with Regular Consulting Income or Funding for Research Giving Higher 
Importance Rating to Government or Industrial Sponsors, by Academic Field 



BioL ScL Phys. Sci. MathJStat. Eng./Appl. Sci, 



Govt. Ind. Govt. Ind. Govt. Ind. Govt. Ind. 



Paid Consultants 83.8 47.2 84.6 65.0 44.4 41.2 78.6 75^0 

(371 (361 (39) 140) [18! I17) (42) (441 

Funded Researchers 92.9 27.5 89.8 45.9 * * 91.3 52.3 

(42) (40) (39) (371 I 7) (6) (23) (21) 



*No of cases too small for percentaging. 
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CHAPTER IV 



CAUrORINIA: FUINDIING AIND ORGAINIZA- 
TIOINAL STRUCTURE OF STATE COLLEGE 
RESEARCH AIND COINSULTIING 

After prescntinc] further data from the faculty survey, 
this chiipter offers docunicntary evidence on non-teach- 
liK] ciclivities in the form of official figures. These are 
dollar amounts of current research and consulting 
acli\ity of faculty as recorded by the research offices 
or "foundations" at seven of the 19 camouses of ihe 
CSUC system. The chapter also discusses some of the 
formal and informal structures through v/hlch these 
kinds of activities take place. 

A, Inter-Campus Variation: Further 
Data from the Survey 

I he impncl of cliffcrinq campus environments on 
s( ietu e cHid enciincering faculty consulting and research 
is suggested in TalDles 1 5 and 1 6. Faculty at San Diego 
and fnillerton report both types of non-teaching activity 
f<iirly ecjually. At other locations, consulting is reported 
more frecjuctitly than research in progress. These 
relcJtionships shift somewhat for income-producing 
consulting and funded research. 

The highest percentages for both income from 
consulting {A5.5%) and funding for current research 
(46.1%) are reported by faculty at Fullerton, followed 
by those at Muniboldt, with 41.27o and 51.7% respec- 
tively. San Diego, which by some official measures to 
be discussed below, tends to lead these state colleges 
in California in research and consulting activity, never- 
theless ranks third here. This discrepancy may reflect 
the somewhat higher survey response rate— approxi- 
mately 69%— for Fullerton and Humboldt than for San 
Diego where about 64% responded, or a number of 
other contextual factors. Those include unique oppor- 
tunities to do off-campus work at some campuses, 
and/or the possible tendency of farulty to report more 
of their outside work done through ' aimpus research 
foundation than done as private practice. Yet other 



Table 15 

Percent of Faculty Providing Consulting Services or 
Having Research in Progress, by Campus 





San Diego Fullerton 


Fresno 


Chico Humboldt 


Consultants . 
Researchers , 


78.6 (131) 80,0 (75) 
. . 78.5 (135) 82,9 (761 


89,L (57) 
66,1 (56) 


7j,5 (68) 83,3 (84) 
58.2 (67) 75.9 (83) 



factors might include differing mixes of engineers and 
science facu'ty relative to local opportunities for extra- 
mural work, etc. 

Fresno aiid Chico faculty report the lowest per- 
centages of regular consulting income or current 
research fur ling. The contrast— at these and other 
older aimpuses— between all reported activity and 
fu», ded o: income-producing activity may partly reflect 
a tradition stemming from normal school days that 
local faculty should render voluntary ''community 
service based on their expertise. More detailed dis- 
cussion of the differences between campuses with 
regard to their emphasis on research and consulting 
activity, and their relationship with surrounding com- 
munities, follows. 



B. Grants and Contracts: Expenditures and 
Awards According to* Campus Records 

Several sources provide reports on the extent of 
research, development and consulting hy faculty at 



Table 16 

Percent of Faculty with Regular Consulting Income 
or Funding for Research, by Campus 





San Diego Fullerton 


Fresno 


Chico Humboldt 


Paid Consultants 


31.3 (1341 45.3 (75) 


25.0 (561 


28.4 (67! 41.2 (85) 


Funded 








Researchers . . 


28.8 11321 46.1 |76| 


19.6 (56) 


6.0 (67) 31.7 (821 



J 82 



AiiKNic.iii iiiiiversilics ami C()llcc]cs^ l)ut there Is con- 
sidn .ihk- v.ii i.ihilily aiui limited c()iiipaml)ility in avail- 
.ihlr (lat.i. l ui rx.iinpU*. tlut national Science rounda- 
tioii suivrys dotloial »ind non-doctoral universities 
ami collecies reciardiny research and development 
\Kt^D) activity.- While the data Irom this sin-vcy would 
hr es[)ccially pertinent here, it is not availal:)lc for all 
c sue. t .impuses under discussion. 

i lie C.SUC system does publisli data on all cjrants 
ami contracts awarded and ex[)ended Ihroucili research 
oMiccs and foundations at its 19 campuses^ from 
which some information on research and consultinc] 
a( livily can he drawn. The cai7ipuses discussed here 
are: c;alilornia Slate, Sacramento, site of the 1978 
pilot slmly. and the live* campuses surveyed in 1979: 



Savi Diego, Fullertoii, Fresno, Chico, and Humboldt. 
In addition, we have added two campuses where sci- 
ence and engineering faculty might be expected to be 
heavily involved in research and consulting activity with 
private industry either formally or informally— Snn 
Jose State and C^lifornia State Polyt\:chnicat Fomoi 

brief description of each campus m . be found Ir. 
Section V below.) 

Table 17 ranks tlie campuses according to the 
percent of expenditures from all grants and contracts 
received for K&fD purposes. San Diego State and San 
Jose State are the clear leaders in F^&D expenditures, 
with boih showing similar dollar amounts. I3ut while 
San Jose's more than $2.4 millit - hi P.&'D represents 
nearly half of all external money s; * '^y that campus. 



Table 17 

Total Dollars and Relative Percentages of R&D and Industrial R&D Expenditures, 
at Eight CSUC Campuses: Fiscal Year Ending June 30, 1980 

A S C D r.. 

Total % /.-•■v'-.f/-;:; of 

Total Extramural Total R&D % R&D of Total Industrial R&D lutp/, ?*&D 

Rank' Cih-iipus Expenditures Expenditures Expenditures Expenditures f xpendinrcs 

San Jose r~7~"7~~. S 5,420.243 '$2,422,137 44.7 $502,346 2C ? 

,2. Humboldt 1.431,228 446.735 31.2 60.000(est.|" l^.*^" 

,3; Fresno 1.741.366 364.925 21.0 178.500"' 48.9 

i4: Snn Diego 12,087.805 2.4 8.974 20.2 363.050 14.9 

1 5 Chico 2,971.481 099.360 16.8 27,500 5.5 

61 Fullerton 3.467,260 533.007 15.4 51.942 9./ 

Pomona 1.U53.050 102,391 9.7 11.001 10./ 

:8: Sacramento 3,813.508 243,327 6^4 1788 .7 

Source; CSUC* 

* Ranked according to percent R&D of all expenditures (Column C). 

"Local estimate: all industrial grants and contracts were under $10,000 and not reported individuolly. 

***Most of Fresno's industrial R&D came from one two-year Environmental Impact Study grant frorr^ Paclfif. 'Ji^.s .nd Electri:; note that 
Fresno's total R&D is considerably lower than that of Chico's which is similar in size, indicating a comparativ :v iowjr level ^f R&D activity. 

Column A Total dollar amount of all foundation expenditures (i.e.. external monies spent f^. o circh, training and other educatio ^r,\ projects). 
Column B: Total dollar amount of all expenditures for R&D. 
Column C: Percent R&D of total expenditures (B/A). 

Column D; Total dollar amount of expendituros for R&D from private industry sources 
Column E: Percent industrial R&D of total R&D expenditures (D/B). 



i| (n othri (l.Jl.i on (.()!]sultiiui activity <Jl olilc tiiut tion-ulitc uni- 
vrrsitirs, srr (Oliver Tiillon and Mnrli!! frow. ■Kcsc<irc[i Activity in 
Ar»u ri(.ni \Ui\Uv.\ I'.cIik .itioii. ' p(>. 3S)-a3 in Trow, fc^whcrs .uul Stu- 
dents. M.utin I row, .Vs/Jff f.s of An]cn(\iii HUihcr lUluctUioti IDdD— 
1*J75 ir>r;Krlrv: Cu i](:(\i(" Council on f'olicy Studies in Ilicjlicr txlu- 
(.rti(wi, 19771. |). 2G: ,J.inKrs D. Niitvcr i^m\ Oiil V. fntton. Tlie Coi- 
K-I.Jtcs ol t.onsultcition: Atncficiin Aaidcniics in The Kciil Woikl'/ 
llinhri i:(lit( ,\ti()t\ 3 { 1976). 319-335; Carl V. f^itton. " Consultinci by 
I'.K ultv Monibcrs/ Anidcnw 66 (May 1980). 181-185; and Carlos 
Krii\tl)()s(li arrd David I). Paltiicr "Academic Kolc Performance and 
c^rt^arii/ational i:tivimtuiK*rU.' frocccAlinfis of the 1979 H'A'A: i:m\i- 
nrvdnU N,uhi(icnu'nt Conference. A less formal study of state cnl- 
k;i\e taciilty Ki^H activity is reported in: Amciican Association of 
suae c:ollcc;cs and Universities. Hiu kcimund Uhmc 1981), 1-6. 

'■National Science I'oundation. Adulemic Science: KcVD I'lnuls, 
Hsra/ ye,v /fJ7.9 (Washin(itf)n. D.C.: 1981). 

X.StlC. Kepnrtinfi AcUrilii in Kcsedrch. Woiksfwi)S. Institutes, 
and Othei Sprc/a/ lUluc^itiotuil Projects for I'isc.il Ye<v iJided 
.lunc M). /.WOd.onci ISeacti: 1980). 

•Ihid. 



the similar aniouin spent by San Dicn.o represents just 
over one-riflli of its total grant and contract cxr-cndi- 
tures. It appears, then, that R&D activities at San Jose 
constitute a more important role among externally- 
sponsored programs than at San Diego. San Jose also 
has the large£:t dollar amount of industrial R&D (i.e., 
grants and contracts from private industry), and leav 
ing aside the temporary anomaly presented by Fresno 
State (see note to Table 17^ the highest percentage 
of industrial to all K&D expenditures (20.7%). 

San Jose State's location at the southern end of 
tlie industrial concentration Known cis "Silicon Valley," 
south of San rrancisco, with its many opportunities for 
researcli and consulting by scientists and engineers— 
especially electrical and electronics engineers and 
physicists of various Kinds— clearly must be expected 
to influence faculty activity. Also !!carl)y is Ames Ke- 
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si-circ h CetUcr operated by llie fiatioiial Aeronautics 
<ni(l S|)<ur Adniinistration (HASAi, Ihrouc;)) .dildi San 
.losi- Ku ulty ( uttentiv have -'15 (ontracts (IT 1980-81 ). 

Data (roni other c ampuses indiaite varyiny decrees 
ol K^^D activity linked to local industry: Humboldt, 
located near extensive lumber and fishing industries; 
I'ullerlon, with a wide range of medium- and high-tech- 
nolo(\> industries nearby; and f-'resno and Chico, located 
ill f ommunities wliere agriculture is the primary indus- 
Uy. (Section V of this chapter lists specific grants and 
contracts al each campus included in Table 17.) 

r()nu)na, one of the two state polytechnics, appears 
stt<mgely inactive in terms of forriial R&D expendi- 
tutes. Yet a campus visit in June, 1981, made clear 
tliat consicleral)l(! research and consulting activity was 
occurrinc'ofi campus, including work at the Jet Kropul- 
sion Lahoraloiy in nearby Pasadena. In addition, there 
appi-ared to he ii lively interest in further development 
()} campus-h.ised lesearch. Table IB (Awards) indi- 
c.at(!s t\ noticeable increase in R&D at Pomona: this 
suggests thai faculty there may be bringing more of 
theit noti-teaching piofessionni work on campus, per- 
h<ips as criticism u\ facilty "moonligliting" declines. 
(Sec further discussion of this point below, under "Pri- 
\cite Prolessional Praciice. ") 



research, are implemented through a brief Request 
for Proposal (RFP) proces? and thus arc excluded 
from prior awards listings. Clearly, a cotiipre^-'c^nsive 
study of R&D awards and expenditures would equire 
an analysis of trends over several years and a closer 
e.xa!iiination of each founr'ation's records. 

C. Tormal Structures: the ampus Foundations 

The state college research foundations arc aux- 
iliary non-profit organizations established 0!i each 
campus to handle extramural funds. I heij appearance 
in the 1950's also marked the arr'\al of research- 
oriented Ph.D. faculty on the siate college campuses. 
While rules governing tlie operation of auxiliary organi- 
zations publislied in 1953 did not even mention re- 
search grants, by 1959 new rules had b^en formulated 
to allow faculty to receive icsearch grants and con- 
tracts, make arrangements for compensated release- 
time, and so onJ' At the present tiiTic, virtually all 
campus R&D money is funneled through the research 
foundations. 

Generally, the role of the foundations has been 
relatively passive. While some have actively .-ssisted in 
locating sources of graiits and cc'titrc r ts, by aui' large 



Table 18 

Total Dollars and Relative Percentages of R&D and Industrial R&D Awards, 
at Eight CSUC Campuses: Fiscal Year Ending June 30, 1980 

A B C D 



% R&D oi Total Industrial % Industrial ot 

Rank' Campus Total Awards Total R&D Awards Total Awards R&D Awards TC'!cl R&L' Aw:i:ds 



;1. Sar.jose $ 7,232,589 S3.729.226 51.6 5511.39'^ 13. 

SanD.ego 14.717.797 4.390.826 33.2 377.635 

Hu^nboldt 1.521.451 466.850 30.7 60.000[est.r ' 1..:^ 

i' Fullerton 3.640.597 770.103 21.2 91.068 11.8 

Fresno 1.888.027 317.324 16.8 96.743-- 30.5 

i6: Pomona 1.487.920 205.731 13:8 85.980 ^ V8 

(7) Chico 3.573.116 383.601 10.7 27.451 7.2 

,8- ■: . :;>Mento 4.211.315 301.003 7.1 14.820 4.9 



Source CSUC' 

• Ranked according to percent R&D of all awards iColumn C). 
*• See note to Table 17. 
*'*See note to Table 17. 

C liiimn A: Total dollar amount of all foundation awards (i.e.. external monies announced I for research, training, and other educational projects. 
Coiumn B: Total dollar amount of all awards for R&D. 
Colump C r^ercent R&D of total awards (B/A). 

Column D; Total dollar amount of awards for R&D from private industry sources. 
Column E: Percent industrial R&D of total R&D awards 1D/B|. 



The 'awaids ' data shown in Table 18 should he 
re(\aiclecl cautiously. Unlike the data on expenditures, 
these li(\ures are relatively incomplete or unreliable 
Ixxause (a) not all anvards are necessarily spent the 
(ollowin(\ year. \b) not all money to be spent the lol- 
lowitui year is necessarily announced by the fiscal year 
cutoff date, and (c) many contracts, especially in applied 

'Ihid. 



they liave emphasized providiiiy teclmical assistance 
and clerical support in the submission of grant appli- 
cations and responses to contract F^rP's. In tlie view of 
some faculty,tlie foundations have cxMicentrated too 
much on the fiscal and reyulatory compliance aspects 
of errant and contract activity, a purely bureaucratic 
function. 

■ 11)1(1. 
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in .iii> i wsc. llu: scp^Halioii bclwcuri Ihc foiiiula- 
tions till- rriuM.n ,u iUlciiiic sliiicluic hns [probably 
lu-lpid U) iiuuMsc h nsioti hi Uvcitn {<^culty cincl loiin- 
(laliDn si. ill. A(kliiu\ to Ihf sliain is the pciccplloii of 
sonic ivsccuch iiilcrcstoci laciilly thai Overhead" or 
( hanu's lor indirect costs (tlie |.>erccntac\c ol yraiil or 
(otitrad value ( harqed by the lonnaalion) arc exces- 
sive, es[)e( iaily on iar(;er (iVcinls and contracts. Sonie- 
tinies la( ullv <icutate to (^et some ol tills money back— 
lor small seed ' ciranls to help jstabiisli research 
ptojects, stipends lot c\radnate resea.rch assistants, 
a!id so o!i. 

At two ol tlu eic\lil campuses discussed here, tills 
Kind ol (onllict appiMrs to have resulted in a separa- 
tion ol llu* applicatio!i aud administration (unctions. 
Al S.iti .losi: Si.ite «ind Cililorniri 5tate, rullerton, tlie 
loU!;d.ilions handle only U e (iscal or booKkeepinc; 
u sp(»Msibilitii s oj (^rant ani.l contract administration, 
uhih- 111'- appli( alion lunction is handled by a separate 
!'-sea!(li olli(e located v^itlun the legular adniinlstra- 
ti\i* s»rnt hiu- and lu:a(k u In a former (acuity nieml:)er 
wWU .1 demonstrated trac k lecord " tor cjettincj his own 
lundia(\. At l-oth c.>:'M>^"^^'^~P^-1'^i^M^^ t:)ecause they 
luve (\ieatc:i (Dniid rcc in the nioie vlsll:)le research 
offi- sc ieuf I* a!id enc\ineeriiui (acuity seem rela- 
livek (onU*nt witli this cUuil <nrancienient. 

On tin- t-ther hand, on several campuses where 
the .ipplicaiivMi ctud liscal luiictions are combined In 
the (.impus louiidrition, science and enciineerlncj lac- 
\\\\\ ha\<* set up v.uious kinds o( research centers. 
Uii-ii intention i>, .uuoiKi other ttiiiu;s, to c]aln cjreater 
o'!-( cuiipus visibility foi their special skills and abilities 
than ( a!i Ix- ac!ii^!ved operatincj throuc]li the (ounda- 
tion «^iolu^ Aion,! witli the enieryence of these struc- 
tures there are, hc!Cjuently, lntensi(ied demands (or a 
la!C\( I icturn el ovctrhead money to tielp meet research 
( osls of \ai ious kinds. 

It should be made clear, however, that dlssatis- 
ladion witli tlie present structure o( campus (ounda- 
tions dot s not cippeai to be unitorm at all campuses 
vi.'.'ted. \ \u: flexures for expendituies and awards pre- 
sented «ibove suciqest that on some campuses— San 
Ditnio. lor (wample— there could well be considerable 
st-ppoit lor the sincile dual-function researcli founda- 
tion. With a total dollar amount of expenditures and 
<ivv.U(ls amountinct to al)out twice as larc^c as that of 
its nearest conipetit(M-, the San DIecjo foundation 
!iii(\lit be: expected to be able to marshal considerable 
suppoi t for thincis as they are. At San Dicao overhead 
money from external cjrants supports a nimibcr of 
.!( tivities apart from research, l)Ut it also helps pay for 
the particl[)<nion l>y that campus in several "joint- 
Ph.D." proc^ams with campuses of the University of 
California— tlie only way in which state colleges In 
California are «iliowed to participate in doctoral pro- 
(iranis under tlie Master Plati described alxwe. Pos- 
sibly the departments priviiccicd to advance amdidates 
i!i this proc]rani (chemistiy, for one) would liave more 



of a stake in supportinci existing foundation arrange- 
ments tlian niiciht chemistry departments on other 
eam[)uses. 

I). Visible Structures: Centers, institutes 
and Laboratories 

A common form of organized research and con- 
sultlncj unit on CSUC campuses Is the department- or 
Interdepartnient-based center or institute. An example 
is the Cellular Molecular ISioloc^' Institute at Pomona, 
recently establlslied witli tlie aid of a $20,000 campus 
foundation errant (derived from overhead from outside 
cjirants). 

The institute supi^nls pilot Invcsliciative research 
by (acuity and students who are iiilcrestccl in niolec- 
ulcu hiolociiciil Icchniciuits, in the . . . scluiols of Sci- 
ence iind A(.;riculture.' 

The scope of the Institute's activity may encompass 
potentially commercial applications In the field of 
applied iiiolecular l)iolociy. It Is worth noting that such 
research units may still be viewed as departures from 
the traditional teaching mission of the state college. 
The director of the Institute justified It in Uic context 
of an iiistrucllonally-orlcnted campus: 

I Ihinlv ill order to be n scientist and to l)e respon- 
sible lor education of the scientists of tomorrow you 
lune to keep up with your work. tiilK to other scien- 
tists, iictually c^et into the lalx do the research, and 
find out iiU the new techniques." 

At Sacramento, the Applied Kesearch and Design 
Center was formed In the School of l:ngincerlnc] 

... to secure and execute restMK li c(inducte(l 
by faculty and students of its defiarlnients and spe- 
c:iiil [)r<K]ra!ns.'* 

The Center is intended to foster collaborative efforts 
l:)etwcen campus scientists and engineers and those 
in government and industry. Its work Is directed to- 
wards a general market for creative applied sciences- 
It draws upon a pool of 53 full-time engineering and 
computer science faculty to work oti projects such as 
designing an industrial solar heating system or ana- 
lyzing foreign material on cable used to power light 
rail vehicles. The Center has proposed using overhead 
from grants for graduate student stipends (although it 
is apparently the case that the campus foundation has 
strongly resisted the release of more overhead monies 
for student support). 

On the San Diego State campus there is an Inter- 
esting example of a large multi-focus research unit, 
leased in a single department, the recently organized 



"c;,'ilif()rMiii ['oMeclinic: Slnle Uniwi sily. I'cittiotia ririvs ,in(l rnl> 
lit.itioiw (M.iy 3. IMHl), p. 1. 
''lhi(t.. p. 2. 

'•Ciilitortii.i St«itf DiiiviMsity. S.ioiiiiu-iiti). SdiDol oi i:nc\itieetin(i. 
The Afiix: i'.iU'd (S.u riUtinito: p. 3. 
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Applii'd I'hysics Kcsciucli UiboraloPy' consists of five 
sul)si(ij,ii\ Ij1)s. Us [^liiiiaiy funclioii 

. is lu suppK rt sr.n< li. ( lt'\ i'lopiiHMit .liul (Oiisiilt- 
inn sri\ i( rs \\\ U\r .ipplird s( iriu t's to indiisli \t\\ «iiul 
i\i AiTiimrnt oi^i.uii/dtioiis.'" 

ilu" I.. lb .ipprais to \u\\c attracted interest from indus- 
tiial liMus in ihr aiiM. I lie Acoustics Measurenieiits 
l.al)()iatoi> has ctained ( ontracts vvilh General Atomics 
Corpiiration; tiie riiK icar Puliation l.al), vvitli IKT Cor- 
poi«ition and Cienei<il Atomics; «ind tlie Klectro-Optical 
Measurements \.<\[\ with Teledyne-Kyan Corporation, 
(irnei.i! Atomics National Semiconductor and IJfc- 
tiuard Si(in<iis «incl Science Applications, Inc. Tlie Tliin 
f'ilm Laboratory is .i newly developed facility which 
olk*rs .1 laiute ol ( aj^abilities reUited to thin-HIni fahrl- 
( alion and j)i oc essinc^. An important application of 
this Held lies in [)holovoltaics (solar cells). Tlie Image 
ricxi'ssiim l.ai)()ratoiy Is scheduled to open In mid- 
IMHJ; .it that time . . . both dic^ltal and optical Image 
pio(essin(t siMvices will be available".'' 

i:. Private Professional Practice 

Owr ol Ihe dilliculties in assessing the extent of 
oll-( «iin[)us [)rolessional activity at California state col- 
k'cu's is ih.U «ni undetermined amount of consultation 
is arr<nuied j)riv<itely by individual (acuity members. In 
the course of this investigation, several academic o.T- 
( ials responsit)le for on-canipus research suggested 
tliat work (k)ne [privately by their science and engineer- 
ing (tind lousiness school) (acuity greatly exceeded tlie 
\oiumi- t)f work done through the de.vgnated research 
Ol gr.mt-proc essing office on campus. 

Such private [practice riiay range from an Informal 
one-to-one relationship with a client to a group prac- 
lice Ccuried on with other campus colleagues.'^ Be-. 
c<iuse such arrangements are nc:>t linked to any canv 
[Mis office. thc:y are not subject to official recording or 
supeivision. or — more important, perhaps — overhead 
c haigc-s ol any kind. In addition, faculty may work 
thtough the three-month summer or shorter winter 
and spring recesses without formally nc^tifying any 
c <impus of fice r. This kind of arrangement Is, of course, 
much more likely to Involve work for private compa- 
nit:s than for government agencies which typically do 
not c.ontracj uirec:tly with Individuals v*ylicrc larger dollar 
<imounts :ire involved. 

A full determination of the extent of such private 
[)r<K tic:e in the stale c:olleges would require study 
l)(*\oncl the sc c)j)e of this rc[)ort. It has been a sensitive 
subjc:c l: foruMl CSUC sysletnwidc policy states that 
faf ult\ c<uinol earn from outside work more than 25'yn 
owv theit regulai incc)me' \ and in past years, criticism 

s.ni St. Ill- liiiiM'tsily, Di'p.ntniciit on'hysir.s, Hw Applied 

/'/ri/sKs K. s.mm/i l..ih(>f.\l()tii {S.ni Oii'Cjo: n.d.), p. 1 . 
-Ihid. [I. ^. 

' N.iut r .111(1 I'.ittoii. Tlu- Cottei.itcs ol CoiisulUUion. p. 322. 
''CSl ( . Addilioti.jl Ijtiploynu'iil !'()licy ol the C.«Hilotniri Sl.itc 
CniM-rsiK .itul C.olU-(\i's. I SA 7U-M) il.oiifi \W\nch: .liiiir 14, P)71)). 



from the legislature and tlic board of trustees has 
been directed at faculty who they fear take tinv or 
energ}' away from teacliitig to earn extra consulting 
income or do researcli. At tlic same lime, lhere|J^as 
been a common expectation that faculty Involve 
lliemselves in "ccMiimunlty service" in .eir area of 
expertise (an element tliat enters Into promotion ( al- 
nations). 

In any case, a degree of legitimacy has recently 
been cast upon private consulting by tlie establish- 
ment in 1978 witliin tlie CSUC system of a Technical 
Assistance Program (TAP) in energy conservation and 
technolog>'. The TAP was organized in response to de- 
mands for iiciivc assistance from various groups, 
following a series of extension lectures. 

The availability of CSUC campuses throughout the 
sliUe, and the fact that they were already involved in 
the enetc|>' picture, oblicjiited theni to also prcwide 
professional assistance to this scynienl of the pc3p- 
iilalion.''' 

Using funds from private utilities and tlie U.S. Depart- 
ment of Energy, the TAP published a State Directoty of 
I'MCtfiij Consulting Setvice^^' which proffered the ser- 
vices of 150 CSUC scientists, social scientists and eng- 
ineers. Tlie intrcDductlon to the Directonj notes: 

As independent consultiints (faculty) may or may 
not charcje for their semces, as they sec fit.'' 

[evidence of of ficial approval of the D/rcc^oriy came with 
its introduction by the CSUC Chancellor: 

Chancellor Dumke sakl each of the atinpuscs has 
faculty with expertise in energy fields who with 
(undergraduate) and graduate students can provide 
consulting help to citizens, public agencies and bus- 
inesses.'^* 

Thus It appears that CSUC faculty are sanctioned, 
and even encouraged, to undertake extrani'-ril or pri- 
vate practice. There Is, unfc5rtuna;.ely, no way of me is- 
uring the success of the Technical Assistance Progra* , 
just because any requests for .:sslstance go (^''-ectly lo 
individual faculty and no official records are i/:pt. But 
the signtficance c^f this prcKiram for our discussion 
here is the apparent license It has given CSUC faculty 
to operate "on the side." 



''C:iilil()r!iiii St. lit* Uniwtsity. S^icnuiicnto, AcudcmU I'rtsonncf 
{'ollcU's ,in(i f'Kx cdurrs lAppliciiblc lor tlU! 1977-78 Acadctulc 
\i <nl (S.u.r.inu'iito: PJ7H>, p. H. AtciimictUs which cotitnulict coni- 
inori criticisms t)t faculty ( ^\^su\[\^K\ may l)C lound in- 'Jul V. I'ntton 
\Vu\\: n\ Illinois) raciilty Consultirui: hoon or iUwc to Science Kc- 
search?" (ii.d.); .J.inics tX Miiivcr and Ciirl V. Pnltoii. Tlu! Productivity 
ol Atiieriaiu Aciidcmic ronsultanls, " (n.d.); nnd CnrI V. Patton, "Cotv 
sultitui l)y faculty Mcnil 's. " 

'Hi. CIcvc Turner Kol)i-rt V. Crlotosie. 'I he Statewiil^! liner c^y 
c:()nsortiuni: A Calitornia Concept," JouinAl of CoUcfic Scictu r. 
7(M( /imc/ (l ebruai-y 1981), 2ZH'2A0. 

" CSLIC, Stalewide i:ner(i\ Consortium, SUilc Dlrcdorii of Ijwnw 
ConsuUiiHi SrnHCCS ( 1980). 

"'Ihid! 

i'' l)uniKeKevealsi:iu:i(ivl 'Im. ' C.St.f.S//o/fU'r, April IH, 1978. p. 1. 
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I . Industrial Supporters of R&D at the 
Sui\eyc(l Ccunpuiics 

I his sc(tiiHi lish, loi r.u h CtUnpus discussed hi 
this K [u)i1. piiViiU' iiulusliitil souict-s (^t current qrauls 
ami ( otUitU Is, and the d(^Har amounts hivolved — 
a( ( otdinci to oltk icil c«niipus sources. It sliould not be 
Inti ! pu ti-d as a (onipreluMislve rep(Ml; the intent is 
tatlu ! to i\\\c the reader a sense (^1 the sco[^e c^rw(MK 
Ix itKl (U)!U*. The llc^ures are diawn irom two sources: 
llu* annual it [)ort ol <ictlvitles endinci June 50. 1980. 
sun :riaii/.in(i the activity ol aiiiipus foundations*'^ which 
(\i\.i's tlK' dollar ^inunints c^l l)oth awards and expendi- 
tuirs duiiiui the llscal year; plus, a variety of official 
local !r(()i(ls and news rek:ases obtained durincj per- 
sonal visits to some campuses. 

s.iM /)f<7/(> St.iW: Our oi llu- larc\esl ol all CSUC caiiipuses, 
with iirarlN J.SOOO Uilrtinic (.HjuivakMil sludeiils (rTI:), and 
in»)n- than 1 ()()() iu 11 tin u* lac ults. It is localrd in a lart;e city 
with a niajor nax, il h.isc and sL*\cMal larqe at:i()space and 
i < tM Mii( s lif ins. 

/jMMs /Ura/r/.s liurs^ 

l.ir<tii( KrsiMi( h Institute .... $l!)f)..Vf9 ($2-^8.493) 
VVtn)(K\aid-( l\(K- C ousiiltanls ,ind 

s.iii nii (;<)(irisan(M:k-( t!i( it\ —0— ( .32,497) 

I i n l\lK*t ( I ( t'lit'-i loi 

^Lniiu- Iv siMK h i 2(i,517) 

I'j.jtU lk- ^oUhucst l.aboialnrirs 137. OOO i B'2,()0()) 

(mii.-mI Atomic s 14,()()() i— 0— ) 

Uriu i.il l)\iiaini( s C onxaii 12.000 i— 0— ) 

M.lvU Inc 4.405 

Kt sr,ii( h C 1)1 potation 7,()()0 

l\rsrai< he Ol potation 15, 400 

( .ililo! Ilia A\()( ado Sot ii'ty 1,212 

(\ili!tntii,i Sfjfc. f'lilU'i ion: An instant cc)lletic.' (oiuuUul 
.iltri Sputnik in I95H. with about 15— U),()()() current I'll: 
jnd o\ri 7()0 kill titm' lacultN. kocatc'd in tlu' r.ifiidly cirowinfi 
soittluMstrtn s(*( tot ol the* l.os Anc;ck:s niecialopolis, Uk* 
< .itnpus is ( losi- to a uide \ii\u\c c)f nK:(liuin- and hitih-tcch- 
\n Ain[\ III ins. 

{liMfH'ndi' 

f"un\s /Ura/Y/s lures i 

S( ii iu id. tui I. Assoc iation $2B.35H ($21,033) 

cilohal ( otnputc-i S\slcnis 26,015 ( 20.783) 

Sol It hn 11 ( alilotnia 1:( lison C.o 1 0, ' 2() (—()—} 

Ick tionix liK 3^)2 

KrsCaK h C ot pot ation 11,250 

Kcsi-.u'c h Cot poi.ilion 1, 'H)() 

l\i si-,uc li Corporation 5.000 

Ki SiMK It C,ot potation 12.000 

Woochool l..il)s. Itic 3.000 

^k nontii'll-DouqIas Aslron.tutic s . . . 14,000 

Kix kui'lllnti'tnational fi.OOO 

l\o( kwi ll littiM ttalional G.OOO 

KandMc:>all\ Iik '2.000 

( \tlil(>mi,i sntr I'oliftcc liiiU . /'nnio/ia: Oriciinally an ac;ric ul- 
tutal s( |]0()l, with a well-known c enter k)r the study ol horses, 
it i iuphasi/c s iMiqineeiitui and applicul ptociratus. With about 



\ St c , lu'iuntii\(iA< t it 'H 11 in Ki'Sdin h. 



12.000 n i: and 550 kill-titnc lacully, it cjraduates approxi- 
mately 450 encjineers at the bachelor s level and 50 at the 
master s, pcrye«n . I'omona is loaUcd in the northcist corner 
ol kos Ancieles County, in one ol the most nipidly industrial- 
izing i^arts ol Calilornia. 

(li\f)cn(ri- 

Htnis /1u'a/(/.s tiovs) 

Cj<isru)duceis Association $ 3S).98() 

kcK kheecl Aircraft Cor[H)ralion 12.000 ( 5,066) 

Southern Californitt lUlisonCo 27.000 

Southern Calilornia Ldison Co 8 1,000 

Orcianoii C;or[)oi ation 2,300 

OaKTud [<iK:inciAssc)ci,itic)n 300,000 

Ciilifortwi Sialic, I tvsno: One of the oriciinal normal schools, 
with about 13—14.000 current m: and under 600 lull-linie 
laculty. It is located in a small but substantial city about 200 
miles nodh of kos Aiuieles. which is ollen relerred to iis the 
'capit<jl' ol the aciri-business-dominated San Joaciuin Valley. 

f/:lvpea(i/- 

i'irnis Auuitds iiuvsi 

I'-.icilicCjasanclLleclric $—0— ($1 12.986) 

Southern Calilornia Ixlisoii Co 40.000 ( 40,000) 

killvKese.irchkabs 15,750 ( 14.340) 

killyKesearchk.ibs 11.175 ( lkl75) 

.Scja Jose SLitr: San Jose, with 22.000 rTf: and fewer than 
1000 lull-lime Uic ully. is loc ated at the soulheui end of the 
S.Mita Clara U)r "Silicon") Vallc^y. while Stanlord University 
marks the nodhern end, Allhoucih San Jose's K^^O lecoids 
show a lot c){ activity in electronics and aeicisfiace, much of 
this is funded by the federal ciovermiient. thiouc^h PiASA's 
Ames Kesearch Centei. Most of the items listed below are 
linked to the Moss kandinci Marine kaboratoiy, a slate col- 
lec;e kicility operatc!cl by San .Jose for all the nodhern cam- 
puses. It is clear fiom conversations on the c.ampus that 
much of the consultinci in the Silicon Valk-y by San Jose 
Skite faculty is cU)ne privately. 

dApcndi' 

rirnis Auunds Uuvs) 

ISaiserKefractories $ 4 1,437 ($ 11.068) 

ISaiserKehaclories —0— ( 26,691) 

Cll'iMlnc 274,832 ( 188,248) 

Cir2Mlnc 35.000 ( 50.293) 

Occ-an Mineral Co 122/202 ( 105.049) 

Standard Oil Co.. hidiana 27,92 1 ( 20.970) 

Ca///oni/a St,itc, .Sac /a/iK'/UcV: Located in the ca()il<il city. 
Sacramento has an H t: o( about 15.000 and apptoximatcly 
800 full-time faculty. While the total number of all cirants 
and cc^ntracts is larc^er than tU many campuses, there are 
relatively few of the Ki<^0 type. Aciain, most of tli«U Kind of 
work qoes on under the cover of [private consultinc;. Only one 
item in the foundations' annual repod can be classified as 
private Ki<^D--a contract Irom a local I'tocter <md Gamble 
plant lor $14,820. of whicli $1,788 was l epoded expended 
in fiscal 1979-80. 

Ca/f/om/a SUitc. Chico: One of the oriciinal normal schools, 
it is set in ranch and fruil-farminc; countiy about 100 miles 
north of Sacramento. Apart from various setvices that su[v 
pod ac;iiculture lltere is little industr>' of any kind; the items 
ftom the private sector listed Mow conlirm this. As will be 
seen in tlu^ next chapter, the Cliicc^ Computer Science 
Depadment has a c^reat deal of interaction with tlie com- 
puter industty \\) the* San lYaiicisco I5ay imw. but aqain. this 
moves thtounji pri\ate consultiiu\ channels. 
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Ki( rCiiourrsC «> $17, •'+()() ($—0—) 

•\lrii(>ru|.Cir()urrs>n(Mr(t 10,051 (10.051) 

Cililorni.iLni-rtVN —0— (17,449) 

llntulmUlt St,\tr At Aroilci 011 llu! f^ii tiorllnvcslct ti coast, 
( l()s«- [^^ {Ur 0\ri\i)\\ botdiM. It is tfu- siiuillcst (xitii()us ol the 
l inht vxitli .ihonl aooo 11 1: cnul Icuvi tfuni 500 full-litnc (ac- 
ult\. Allhouqh rnoif isolated tluni C.liic the Cinnpus is siu- 
touruled by Ii'dernl «nul sliite liibniiitoiies iUKl e,\[)erhnetU 
st<iti(iiw ser\iriq Iht! .iie.js lutnbiM tiiul (Ishiiui iiKlustiies. 
I lurs s( ieru e <nul eiu^ineeriiui fticulty, especiiilly the applied 
bi«)l(up( .r! ,Mul pliysiCijI scientists in the widely Known School 
^.itiu.il Kesources. tiave many ()[:)p()!lunilies to provide 
niriual s..MAi( es. ISiit Humboldt |:)resents one more aise 
V. lu u- m(jst ()l the work (or |)rivate industry is done off- 
(.iin[)us. I lie (oundtitioii there re|)i)rts processing only liaU a 
di)/etr or so small (Ui'iils from commercial or industrial 
sinir(rs last ye<ir. each worth less than $10,000, for a total 
ot .rbout $0().( )()(). Ilowexer, the foundation director indicated 
that matiN (acuity in fields lelated t(^ area industries were 
d( tirui prixate ( onsullinq.- 

ci. An Iritriciuiiu^Anoniaiy in the Data on 
hiclnstrial Funding 

Adtlitional lic^lit on the dollar value of on-Ccinipus 
piixnte (onsiiltinci is revealed in two sets of figures 
teporling on tlie value of In Justrial R&:D expenditures 
at ( ertain c iinipuses. The first set deals with expendi- 
tures of pri\«ite industrial ftmds through campus re- 
sMrcli loundaticMis and is presented in Table 17. The 
second source of figures is iMginccnng liducaiioti a 
puhlic cition of tlie American Association of Engineer- 
ing r.ducation of Washington, D.C., wliich surveys tlic 
nation s engineering schools cacli year. 

The iMfiiiiccnuci [iduCciUon survey, covering the 
\i*cn 1^)79-1980, drew replies on aniotuits of K&D 
funding from only two of the California state colleges 
looked at lu:rc: San Jose State and California State, 
Sacianiento. Table 19 contrasts the CSUC official 
figuies on private inc.ustrial expenditures with the 
rtioie liniittul. but still comparable, data from the 
/./if///u'(v//jf/ ildiu ciliot} stirvcy. It will i^e noted that the 
two sets of figures for San Jose State are compatible. 
San Jose: State I'ngineering School reports expendi- 
tures from private business or industrial sotuccs 
whicili, as might be expected, amount to less than that 
officially reported for engineering and natural and phys- 
ical science departments together. The figures for Cali- 
fornia Slate, Sacramento present an anomaly and, 
possibly, a clue to liow mticli oll-camptis work is done 



there and at other campuses. According to the Engi- 
nccting !^duc<}tU)n stirvey, the engineering faculty at 
California State, Sacratnento, reported spending about 
9()0''/o (i.e., more thati 90 times) the amotuit of dollars 
from private btjsiness than was channelled through 
the catiipus research foundation! Disctission with the 
Sacramento engineering dean confirms the difference 
in, and the reason behind, the figures. Accordiiig to 
him, he decided to gather data directly from his faculty 
for I'liigiiiecring [education's annual questionnaire 
rather than simply submit figures available in existing 
catiipus records. He explained further that his ques- 
tionnaire was meant only to elicit information on 
campus-related K6^D. However, whatever the reasons, 
faculty reported on private work as well. 

While this comparison maybe somewhat tenuous, 
it is nevertheless suggestive— even indicative — of what 
might lie behind the official records of R&D activity of 
state college (and perhaps other kinds of) faculty. It 
certainly lends credence to the comments of various 
deans and vice-presidents at San Jose, Pomona and 
other places who suggested that work done as private 
practice off-campus by their faculties might well over- 
shadow what is being done through campus adminis- 
trative facilities. In the next chapter some projects of 
both kinds will be discussed In more detail. 

Table 19 

Private Industrial R&D Funds Expended by All 
Science and Engineering Departments Reported by 

CSUC, Year ending 6/30/80, and Engineering 
Departments Reported by Engineering Education, 
Year 1979-1980 





CSUC Science & 


Engineering 




Engineering Depts. 


Education 




Official Foundation 


Engineering Schools 




Reports, Year Ending 


Survey Covering 




6/30/80' 


1979-80" 


San Jose State 


5502,346 


5300,000 


California State 






Sacramento 


S 1.788 


5133.000 



"CSUC; Reporting Activity in Ri :.,jcirch etc. ...Nov. 1980 (Derived). 
"Engineering Education, March 1981.*'° 



^''Ijuiinrrtitui lUluc^ition Miircli 1981, Vol. 71, no. G, p. 426. And 
CSUC l<ri)()rtit}(i Adivittf in Kcsaird]. Woi ksluyps. Itistitutcs. wid 
Othn Sj)V( i,il I'.diK titi(nu\l rnyjn ts jot ris( ,il Yen liiulcd Jutw 30. 
imU) [\.aiK\ Ik'.iidi: 1980). 
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CHAPTER V 



CALIFORNIA: SOME EXAMPLES OF 
CAMPUS— INDUSTRY INTERACTION 

This cliaptcr presents some specific examples 
ol productive interaction between Industry and state 
collccic science iind engineering faculty. Brodsky, et 
ci/.,' have developed a classification of university- 
industry interaction which subsumes most linking 
activities under two general categories: (1) collabora- 
tive research mechanisms, including actual problem- 
oriented joint K&:D activity, and (2) knowledge transfer 
mechanisms involving continuing education, co-opera- 
tive education, innovation centers and consulting. In 
the case of ' consulting." no distinction seems to be 
made regarding the formal *'on-campus" and "off- 
campus" kinds of activity. As some of the examples 
below illustrate, elements of both types of mechanisms, 
plus on- and off-campus work, can often be jointly 
involved in any one case. Further, the range and types 
of interiiction vary widely within disciplines and between 
campuses. Pievertheless, some characteristic features 
or patterns may be discerned; and our discussion will 
revolve around these. 

A. Student Participation 

One of the most direct— and potentially most pro- 
ductive—connections between the campus and private 
industry revolves around engineering students who 
must complete senior or master's projects focused on 
problems encountered in engineering practice. Tradi- 
tionally, state college engineering projects have been 
oriented toward immediate vocational interests rather 
tlian post-graduate research careers; as a result, such 
projects often lead to subsequent employment. Thus 



the availability of industry-based projects ensures that 
students are directed toward private industry, while 
particular firms are provided with personnel conversant 
with thei.- specific technical needs. At a more abstract 
level, this process underscores the role of state col- 
leges in providing industry with technically trained 
personnel. Useem^ notes the importance of San Jose 
State in the industrial development of the Silicon Valley: 

San Jose Slate University supplies more cngiticeis 
Willi bacliclor's degrees to area firms than any other 
scliool. Long overshadowed by the engineering 
school of its eminent neighbor, Stanford, it enrolls 
approximiilely 4000 students in engineering. ... A 
leading industry figure called the scliool the "un- 
sung hero of the Valley" for turning out so many 
graduates. About 14 percent of the University's 
undergraduates . . . are enrolled in engineering, a 
typical percentage for a large stale university. 

Senior and master's projects are supervised by 
faculty, but in addition, they are often overseen by a 
joint committee of faculty and industr>' or agency tech- 
nical personnel. In the case of state college master's 
students, many are already full-time employees in their 
various fields; and their thesis projects are often tailored 
to technical problems confronting their employers. 

At California State, Sacramento, a civil engineering 
professor used the master's project to organize a 
seminar for dropouts from the graduate program; 
most of these were fully involved in jobs and had given 
up the idea of finishing their degrees. They met once a 
week and were encouraged to develop work-related 
projects. According to one of members, then an engi- 
neer at a chemical company: 

The thesis topic that 1 had— the school just didn't 
have the equipment for me to do it— and 1 sort of 
abandoned it and wds going to give it up. 



'ricnl M. ISrodsKy, Miirokt O. Kiuifmiin, iind John D. TooKcr, 
/ iturrtsUii/hulusinf Coofn'.nition: A / Yr/i/m/ran/ AnnUfsis of fiKistinfi 

Mcdhinisms ,m(l Their KcLUionshif) to Uw. Itmov^Mion T/orcss (Mew -UscettL llli/.ibclli (ISoston 5Uilc CollcciO, IxliiuitioJi iitui l lic;li 

Y<>!k: Or.K)uak'Sdi()ol of l^ibllcAdminislralion.ricvv' York University. TccMnolociy hiduslry: The Case of Silicon Valley—Snituiiat y of 

|()^^Q) Kcseaidi llndincis, " AucuksI 19H1. 
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\\i rr (loiirq sorm; woiK ( >ii (UH:p injection wvlls <it 
tlu- (oiMp.irrv So I vxrnir rnv llirsis on usiiu; (lecj) 
injrc tion wi lls .js ,ni ullirn/ilr nir.ins lor (lisi)osin(| 
. >l uMr*u luiy v\.isti's. 

rill' (oiiipiiiiy— a kiiqc one willi l)rcinc[ics through- 
out tlu* (ouiUi>— approved llie project and even secured 
thr si-rvi( i*s ol an outside consultant Tor the student's 
}:ii>jt*(t (oniniittee. llstiniatcd cost ol the reseaich to 
11k* company was al)out a (juarter ol a million dollars, 
wi-ll beyond the su[)p{)rt available hom the Sacia- 
menlo c ampus alone. 

hiteiirslinqly enoucih, d few years later the cl'.cm- 
ical com[)any lound itself in troul)le with environ- 
mental aulhorilicrs at several levels of ciovernment for 
allegedly iKuinci contaminated groundwater in the 
vicinity ol its property by dumping wastes in unlined 
surttH e ponds. (Wheliier tliis occurred prior or subs- 
i-(|uent to the enciineer's work on injection disposal 
is uiu k*ar.) l')Ut in the meantime, tlic engineer— with 
masters degree completed— is working for the com- 
[^any in a new ( a[)a(.ity; he is now responsible for its 
iMuiroiniUMilal control system. 

Also at Sacramento, another civil engineering pro- 
lessor is working with students to. test an underground 
pipe develo[)ed by AKMCO Steel lor draitiage and 
sewage systems. AKMCO, a national firm which pro- 
duces highway and drainage fixtures, among otlier 
tilings, recjuested assistance in testing the pipe which 
is niculi* ol cement and encased in an AF5S plastic coat- 
ing. The professor has put several engineering senior 
and nicisti-r's students to work c^n the project in the 
c ampus testing lab. The students arc not only getting 
tluMT necessaiy graduation projects or tlicscs out of 
the: work, but several have found themselves in a posi- 
tio!i to n<Hiotiate loi jobs with the compeny wliich lias 
branc hes ac ross the country. 

jj. Gifts, "Taking In Washing" and ''Making Do" 

It is a commonplace among state college science 
and etigineering faculty that their relatively expensive 
programs have been chronically underfunded in a sys- 
tem designed to provide low-cost mass Instruction to a 
non-cMitc! and numerous clientele. These financial 
straits grown increasingly severe as fiscal pressures 
mount on state budgets, have led to some singular, if 
predictable:, dependencies on industry. A dean at San 
Diego :::..te noted that the most recent engineering 
building on campus was built in 1962, with all its 
ec|ui[:)ment and instrumentation based on vacuum 
lubes. Accordingly: "We've had to put a lot of emphr:!sls 
on scrounging newer equiptnent, especially from com- 
panies around tcnvn." 

Me noted further that one of the salaried teclv 
nicians wfio had good connections with area lirms iiad 
[)roved so successful in soliciting gifts of equipment 
that he was presently detailed to work half-time culti- 
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vating liis contacts and "begging." Tlie oimpus research 
loundations are, of course, able to receive such dona- 
tions and provide tax-deduction documentation for 
the donors. The most recent gift of this kind at San 
Diego provided a much needed lal:>c)ratory refrigerator 
lor a l)iochemistry lab. Similarly when tlie physics 
deimrtment at San Diegc:> found itself in rieed of one 
kilometer of optical liber for experimental work, five 
local llrms were asked if they could spare some. All 
live could, and did; and a total of five kilometers 
arrived at the physics building. 

Interviews at Cal Poly, Pomona, revealed that faculty 
there also rely on a campus lab technician to keep the 
facilities more up-to-date than they otherwise would 
be. Witli informal ties to a number of firms where he 
had been employed, he is able to locate ano solicit 
gilts ol surplus equipment. And a San Jose State news- 
letter reported in 1980 tliat a physics department tech- 
nician had 

. .recently completed modifying a $150,000 low- 
cnerc;>' electron scanning microscope donatcc^ to 
tlie Physics Department t^y lI5M's General Products 
Division in Sem Jose.^^ 

According to department faculty, the microscope had 
become "outmoded for IBM's current needs" but 
remained an extremely valuable teaching tool. Useem 
reports some disagreement among campus officials 
about the value of donated equipment;*^ nevertheless, 
such donations appear to be an Important source of 
c orporate support for campus science programs. 

Apart irom the obvious tax deductions there may 
In some cases be other benefits accruing to donor 
cc:>mpanies. At Sacramento where Hewlett-Packard has 
recently established a plant, the state college has 
received a late-model HP ICOO minicomputer with 
graphics capability. A key reason is to familiarize 
students not only with HP systems in particular, but 
also witli sometliing close to state-of-the-art systems 
in general. State goven /aent budget officials are un- 
convinced that state college students need late-model 
systems "to *;earn on" — a view regarded as appallingly 
inappropri.".te in a fielr; that makes its current equip- 
ment obsolete every. few years. Hence, the computer 
companies are compelled provide this kind of 
assistance if they want to hire graduates familiar with 
contcmpc:>raiy equipment. 

And of course, other benefits can arise from plac- 
ing state-of-the-art instrumentation on state college 
campuses. Tor example, Sacramento computer sci- 
ence faculty and students are working to adapt a 
program— much used in structural engineerinc^ but 
previously wc:>rkable only on much larger systems— to 
the MP minicomputer. Tliis adaptation. If successful, 
will presumably enhance the MP lOOO's usefulness 



'S.iM lose St.Ui' tJniMMsity, C.})n;)ns niV/r.sf iM.udi 2'i. 19H0i. 
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jiul its s<jU's [)()lciUitiL Such innoviilion clciuiy Iniiis- 
l.ilrs iiiin iiulustritil productivity <U scvcnil levels. 

AnouU'i w.i\ ol (opiiu^ witii the reUitive poverty 
.ittlit lliu\ St it'iu f ,nul i-i!(\iiu'tM inq hibs diu! equipnieiit 
is K-porlrd by Oil F'oly. There, .ilthouc^h enoucili money 
h.ui ht-eii louiid to purchase and install an electron 
ini( Dsiope l<u ilily. lunds 'O operate and maintalti it 
vvru' not loilhcorninq. Accordinc^ to campus oMlcials, 
tlu' (k'pcutnunil responsible at Pomona is actively 
seel\itu\ ( ontract work from some of the many Hrrtis 
ni-aiby to liel[) pay such overhead costs. 

IMiicjIK like most institutions ot higher education, 
( ariiotnicJ stale colleges must otlcn restrict their activi- 
ties in the l<u e ol scarce resources. Vor oceanography 
ii*si\n(h at StUi Diego Stale, restricting llie scope of 
the piograiti has ultimately t:>rought it closer to indus- 
t?\. Wliile their oceanographers operate from a joint 
irsiMK h site at the Scripps facility at La Jolla with 
nunc (\i*tiriously lunded teams, they arc restricted in 
lilt ii langr of lesearcii problems. Because tlie cruise 
( apabililN ol thrir small researcli vessel docs not allow 
them lo do dre[)-si'a work, they have 5[:)ecialized in 
Ui'ai shore and estuaiy studies. As a result they have 
brcome pr(^l]c:ient in applied ac|uaculture, specifically 
the slucK ol commercial production problems assoc- 
i<Ui'd with lol)slers, rock scallops and similar marketable 
inshore s|)ec ies. This tarings them in contact with not 
only the private industrial sector, but also the various 
government agencies providing support services lo 
tlu* cK|uac ullural industiy; this, of course, puts the San 
Diego Slate program in a [Xisition to receive funditig 
l?c)?ii t)olh sources. 

C . Inventions and hinovations 

Owe of the factors in the ability of state college 
scietu v <um\ engineering programs lo attract financial 
support from private industiy lies in the inventive or 
iniunalivc capaciU of the faculty. ( 'Invention" is used 
here l(^ mean the creation of a new device or method; 
innoVcUion' lo mean the introduction of a new or 
previous invention inlo practical use,) The examples 
that lollovv tire not offered as an exhaustive inventory, 
but rather as illustrations of the creativity tliat may 
occui in this selling. 

1. /7k* T(\u uf) Solids ScpcMnUit 

A Sacramento engiiicering professor specializing 
in water supply and wastewater drainage systems has 
[}vv\) involved iii pr()jects linking him and the cngi- 
m^ering school with government agencies and private 
lirms loi almost tweiUy years. Keccntly, he has been 
working willi aii off-campus colleague who has in- 
vented a device called a Teacup Solids Separator 
which separates solid debris from storm wastewater 
atui sewage. Tlie colleague frequently teaches part- 
lime in the engineeritig school, a ty[)ical arrangement 
involving practicing engineers in the teaching pro- 
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gram. Working togeUier, the private engineer (whose 
lirm specializes in water treatmenl pr(;blems), the 
fcU.ulty member, and students— graduate and under- 
graduate—have tailored models of the separator lo 
s[)ecilic industrial situations. At present, they are test- 
ing a more sophisticated, larger-scale application 
designed lo renu)ve solids from domestic and storm 
runoff wastewaters at the main sewage treatment plant 
in the city of Sacramento. This pr()ject is being moni- 
tored by potential users— bolh public and private— 
and by private fintis inlerested in manufacturing and 
installing, such systems on a commercial basis. 

2. The SinnUicd C/i^irqc 

Also al Sacramento, a mechanic^il engineering pro- 
fessor and his students have developed a feasible add- 
on device for automobile engine combustion chambers 
that allows much more cnicietit gasoiitie consutiiplion 
and a reduction of air-polluting emissions to very low 
levels. The original invention is that of an ofT-campus 
engineer, now retired; and the device is said to operate 
through a process similar to that used in some Japanese 
cars which have performed well on efficiency and emis- 
sions tests. One of the advantages of the system devel- 
oped at the Sacramento campus is tliat it is retrodl- 
table lo existing auU)nu)biles; it has been successfully 
inst^JIfed in two American cars for testing and demon- 
stration purposes. A contract with a stale government 
agency to rettofit a test group of state vehicles is cur- 
rently pending. 

3. CotnpiUc.t I'Mhi^m rmcnis 

A number of computer manufacturing firms in the 
"Silicon Valley" south of San f rancisco, have had what 
officials of one termed a long and productive relation- 
ship with Chico State College ( now CSU. Chico), located 
about 200 miles northeast of the I5ay Area. Such rela- 
tionships apparently stem from the 1960's migration 
of scientists and engineers from th.e aerospace indus- 
try to Chico and other California state colleges where 
they began setting up computer science programs. 
Many br'ought with therii conlinuing connections witli 
former colleagues remaining in the aerospace and 
electronics industries. The development of state col- 
lege computer science programs has been particularly 
important to the computer companies in Caiifbrnia 
which are dependent on educational prcx^rams of this 
kind to [provide a continuous sup[)ly o! trained tech- 
nical and sales personnel at all levels. The computer 
industry is extremely competitive, if not piratical, in 
terms of skilled labor , rapid turnover ol c|uaiified lech- 
nical and sales stall is an ongoing lact of life. 

One of the first computer science (Ie[)artments in 
the California slate college system was established at 
Chico, and it remains one of the largest. The industry's 
link with that cam[)us, however", has been strengthened 
by olher boruJs. A faculty memtxM arul master's slu- 
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clt!nl, vvorKiiui there in Ific c£^iiy 1970's with a popular 
model ut one c:()ni[:>any's minitotn[:>ulcr,niade changes 
at the liniuv.ni- level which comiKwiy engineers had 
douhled were [)ossihle.. As a result of this experimenta- 
tion, the (:a[)acity ol tliat particular model and system 
was increased by a factor of 28. furthermore, the 
c htinges were easily retrofitted; and as a consequence, 
the manulacturer moved itito a stroncer market posi- 
tion for tliat size and Kinci of instrument. Over the years 
since, the grateful Hrm has sent a steady stream of 
donated etjuipment anci cotnpany scientists to the 
Chico campus to supplement tlie faculty's work with 
students. 

At San [)iego State, an electrical engineering pro- 
l;jss()r acts as a consultant to a small local firm speci- 
alizing in design and fabrication of microprocessor- 
ec|uipped instrumentation for physics research labora- 
tories. This relationship originated when the company 
( ailed the C cim[)us for trouble-shooting assistance on 
a [)<Htic:ular microprocessor dc v-^n wnich the faculty 
member re[)ortedly 'went out and fixed . . , in one iay." 

The (ii in is one of a numbe: of small companies 
around San Diego that build specialized digital equip- 
ment using pre-manufactured ir»tegrated circuit chips 
as "building blocks." VVfien the campus engineer vyas 
called, they liad been trying tc build an instrument 
around a standard microprocessor chip, [because the 
prol)lem was resolved quickly, Ihey were able to pre- 
sent an important demonstrati.^n at an out-of-town 
marketing show the following week. According to the 
engineer, he lias now been retained by the company to 
assist in the development of ar. -Mier special instru- 
ment to be built around anothc chip. 

At Cal Koly, Pomona, a biological sciences pro- 
lessoi has ' spunofH' a small private company to pro- 
rnote and sell a specific computer software he has 
develo[)ed. His system allows a group of experts who 
work together to pool their knowledge in a jointly 
usable data l:>ase, enabling one of them to react 
c|ui( kly to <\ given problem. So far, the market for the 
system seems to be sniall pr^lctic ^ )ups such as 
medical, scientilic and legal firms. 

4. ijirtfiif Applkiitlons 

As might be expected, the energy field is the focus 
of much contemporary K&fD activity. The State Direo 
(orif ol lUxetfiij Consulting Services, mentioned in 
Cllapter-IV^ indicates a substantial degree of energy 
exficrtise among state college science and engineer- 
ing faculty on virtually every campus within the system. 

At botli San Diego and San Jose, faculty are help- 
ing to develop plans for co-generation plants to recycle 
enercj^' that would otherwise be wasted. On the latter 
campus, engineering faculty were involved in the con- 
ceptual design of the heating system for the new 
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campus librao'' a combination of solar and co-generated 
heat. At San Diego, a physics professor has devel- 
oped a special type of solar heat collector capable of 
procjucing high temperatures suitable lor steam power 
generation. 

At Sacrarnento a mechanical engineering pro- 
fessor is involved with government and industry in a 
"gasification" project intended to convert ctty wood 
waste (from tree clippings and other sources) into gas 
for possible use by the campus. Once a prototype has 
been perfected, the converters will be manufactured by 
a local firm. 

Also at Sacramento, another professor of civil 
engineering has invented and holds patents for a dry- 
cast concrete, the properties of which include rapid 
set-up, superior strength, machinability and polish- 
ability. This last property has attracted the interest of 
internationally known sculptors who have used the 
concrete in public locations at several places through- 
out the world. He has also designed and developed 
instrumentation for measuring stress on the shells of 
underground transit tunnels and other subsurface 
structures as part of a method of building more cost- 
efficient subsurface structures. 

5. Physics ApfJlications 

This section has stressed the work of engineering 
faculty, probably because the emphasis on design In 
engineering leads naturally to new devices or systems. 
But faculty within the basic sciences may also develop 
new products or methods which have industrial appli- 
cation. Tor instance, a San Diego physics professor 
has developed a method to 'lock" lasers together so 
that they oscillate in step, preventing laser frequencies 
from drifting apart. Another member of the same 
department has developed a new way to conduct satel- 
lite surveys of land and mineral deposits (Including 
hydrocarbons). This process has military, as well as 
Industrial, application. 

D. Faculty Accessibility 

Both private and campus-based collaborative 
activities between state college faculty and local Indus- 
try usually develop oirt of referrals frorii scientists and 
engineers who are familiar with one another, but who 
work in different settings. But the simple presence in 
a community of a slate college, and its pool of faculty 
expertise, apparently attracts Inquiries from people 
with serious scientific concerns but who lack access to 
professional advice. Office staff of science and engi- 
neering departments at these Institutions report fre- 
quent telephone calls requesting expert advice on a 
broad range of topics. :^any faculty Informants — par- 
ticularly those In basic .sciences like physics — report 
that Initial contacts with smaller and newly-fo^ niing 
businesses seeking scientific assistance for the first 
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time have ofien been made this way. For instance, phy- 
sicists at the Sacramento campus provided key advice 
on laser tcchnoloc;y in response to a reqyest from the 
owner of a small optics Hrm (14 employees) manufac- 
turitig special photographic filters. In another case, the 
off-campus promoters of a highly-rated, new type of 
high fidelity speaker contacted Sacramento physics 
and mathematics faculty for controlled testing assist- 
ance, using a special test chamber available in the 
physics lab. Both the optical fiitei and the spccjker 
are now being manufactured in Sacramento, and mar- 
keted throughout the world. 

E. Private vs. On-Campus Work: 
an Exemplary Campus 

We have already mentioned above that while faculty 
routinely conduct a good deal of R&D activity in their 
( opacity as private consultants, the actual extent of 
si ch activity is unknown, nowhere is this more apparent 
th<ht at San Jose State which — because it is particularly 
acti' e in terms of R&D— we will focus on briefly here. 

*if . discussion of Table 17, above, indicated that 
in con,^;;?rii5on to the other campuses studied, San 
Jose had the highest official percentage of R&D expendi- 
tures from all sources, as well as R&D money from 
industry. The largest single source of San Jose's on- 
campus R&D contracts is the Ames Research Center, 
a riASA facility operated at nearby MofTatt Field. The 
work with Ames began in the 1960's, with a psychologist 
interested in the performance of human auditory func- 
tions under space travel conditions; in FY 1980/81, 
faculty and student research assisb-^nts were at work 
on 45 contracts there. Funding at the Ames Center is, 
of course, largely federal; but the Center does serve to 
tie together local industrial electronics and aerospace 
research, as researchers from private firms in the 
vicinity also get riASA contracts through it. 

But tlie industrial R&D contracts channeled through 
the San Jose Research Office do not, for the most part, 
originate with Silicon Valley firms. Faculty work with 
the relatively new, high-technology firms in this area 
is usually carried out independently, and not officially 
recorded on campus. The following case illustrates a 
fairly widespread pattern where expertise developed in 
the course of campus-based sponsored research is 
subsequently used in private consulting practice. 

A mechanical engineering professor participated 
in a study of the ignition and combustion processes 
of a number of materials used in aircraft and space 
vehicles. The study required test burns under many 
conditions, and resulted in the publication of reports 
sufficient to establish the San Jose engineer as an 
authority on certain kinds of fires and their control. 
Subsequently as an associate of a firm of scientific 
specialists, he has worked as a private consultant on 
related problems such as subway transit fires and 
resulting generation and control of lethal gas, and 
anaerobic explosions aboard ships in dry dock. Me 



declined an offer from a worJd-famous oil well fire 
control firm, explaining: 

I didn't want to be on call to jump on a Lear jet on 
five minutes notice and find myself stuck out in the 
north Sea in the middle of winter. 

As for the matter of faculty and graduate stu- 
dents who have become involved in companies "spun- 
ofT' from the campus to develop and produce new 
processes and products over the years, San Jose 
research officials say they have lost track of most of 
them because the pattern has been repeated so often. 
In a recent telephone conversation, a campus dean 
cited one faculty member who had just launched a new 
company with a process for dealing with nuclear waste; 
another, who with others had just patented an auto- 
mated system for environmental control;-and another 
who, having successfully floated a company with ofT- 
campus backing on the basis of an advanced method 
for reworking micro-chips, had unfortunately just re- 
signed to devote his full time to the venture. 

Most of the industrial' R&D that is channeled 
through the campus revolves around the oceano- 
graphic and marine biological research station at 
Moss Landing, about an hour's drive from San Jose on 
the Pacific Coast. This station is operated by San Jose 
for a consortium of six northern CSUC campuses.* 
Unlike its San Diego counterpart, the San Jose facility 
has a deep-sea research vessel. (It is on a long term 
loan from Oregon State University which obtained a 
newer and more versatile ship with the help of the 
national Science Foundation.) Further, the research 
station is located not only at the end of an estuary 
"teeming with fish and fowl", but also within a few 
miles of a narrow deep-sea canyon which comes in 
close to shore. 

Moss Landing has become an important research 
facility, supplying data for marine industries from fish- 
eries to mining and oil exploration. One way in which 
the research ship's operations are supported is through 
its temporary Jease to private firms with commercial 
R&D projects offshorei All in all. Moss Landing appears 
to be one of San Jose State's primary attractors of 
industrial R&D money. 

In its purely educational role San Jose State, par- 
ticularly its engineering school, as Useem suggests 
above, is closely linked to local industry which includes 
branches and head offices of nationally known firms. 
On the engineering school's Engineering Advisory 
Council, which attempts to develop and maintain ties 
between campus and industry in the San Jose State 
service area, are executives from Bechtel Corpora- 
tion of San Francisco, General Eleptric — San Jose, 
Hewlett-Packard— -Palo Alto, IBM— San Jose, Intel Cor- 
poration—Santa Glara, Lockheed Missiles and Space 
Company—Sunnyvale, Ov\'ens-Coming Fit)erglass Cor- 
poration — Santa Clara, Quadrex Corporation — Camp- 
bell and World Airways— Oakland. 
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F. Spin-Off and Program Development: 
an Exemplary Case 

A striking example of the way in which interaction 
can be mutually beneficial to indusliy and campus is 
provided by the medically and commercially success- 
ful prosthetic heart valve developed during the 1960's 
at what was then called Sacramento State College. 
Campus scientists were brought into the heart valve 
field by the death of a popular engineering dean who 
had suffered from heart valve disease and had under- 
gone surgical emplacement of an early form of artifi- 
cial valve in 1962. With a personal interest at stake, he 
had organized ii campus conference on the biological 
and engineeritiy aspects of heart valve development; 
but died before he conference could meet. The mech- 
anical engineering professor who subsequently chaired 
the conference, as well as other science and engineer- 
ing faculty, were drawn into a preliminary investigation 
of the problems involved. 

At about the same time, an established medical 
specialist in artificial heart valves moved his federally 
funded project from an eastern hospital to the private 
Sutter hospital and Medical Foundation in Sacramento. 
Before long the hospital research team was in contact 
with the state college heart valve study group. As our 
engineering informant explained: 

They were interested in us. They needed the engi- 
neering help. They had started already (but) they 
had no way of making valves. They had no engineers 
to work with. 

The earliest valves were hand-made from a single 
slab of metal in the campus engineering design shop. 
Later they were made by a skilled technician-machinist 
employed by the engineering school (in his spare time 
at home). All through this period, senior and master's 
students enrolled in a developing biomedical engi- 
neering program were at work on problems associated 
with valve design. Through the early 1960's a succes- 
sion of valves were made for experimental implanta- 
tion by heart specialists at hospitals throughout the 
United States. 

By the middle of the decade the design was stabi- 
lized, and the valve's acceptance brought international 
interest. Because the handicraft method of manufac- 
ture could no longer meet the demand, the prqfessors 
atid physicians explored the idea of an entrep jneurial 
venture tp manufacture the valves with the help of a 
local machine shop. The business project fell through 
however, when, as the mechanical engineer noted: 
The doctors wanted to be doctors and we wanted to 
be teachers." The fact that the device was subsequently 
manufactured and distributed throughout the world 
(approximately 24,000 implantations) by the Cutter 
Laboratories of Berkeley, California, came as some- 
what of a surprise to the state college faculty involved. 



It should be noted that an important factor in the 
success of the heart valve project at Sacramento was 
the special nature of the nonprofit, private medical 
research foundation at Sutter Hospital. The Sutter 
Foundation is a low-pressure operation which func- 
tions to permit physicians at the hospital to do research, 
as well as practice medicine. It presents a contrast 
with a typical university medical school hospital in 
terms of the amount and pace of research work car- 
ried on. Because they carry a typical medical-practice 
patient load, the Sutter physicians have less time for 
their research; and this fact, apparently, has made for 
a workable relationship with state college faculty who 
are similarly encumbered with high teaching loads. A 
mechanical engineer associated with Sutter Hospital 
from the start, put it this way: 

The fact that they were doctors prst and researchers 
second, made things fit perfectly with our problems 
as full-time college teachers. If they had been full- 
time med school research doctors, we couldn't have 
kept up with them! 

Eventually, a fully accredited biomedical engineer- • r- . 
ing program leading to a master's degree was devel- 
oped out of the continuing relationship between Sutter 
Hospital and the state college in Sacramento. Since its 
inception, the prograim has graduated specialists who 
have gone into at least three lines of activity. Some 
have become supervisors of biomedical technology 
programs at hospitals and health facilities, including - 
medical schools. Others, like their teachers, have 
become involved in R&D for biomedical technology 
firms; while a third group have formed their own 
innovative R&D ventures. 

For example, a recently formed biomedical tech- 
nology division at Aerojet-General, an aerospace in- 
dustry firm with a plant a few miles from the campus, 
has recruited staff from graduates of the biomed pro- 
gram. Aerojet is developing a "heart assist" device for 
use during surgery. Personnel are continuously moving 
between the plant and the state college campus, with 
people from the company participating both as students , 
and part-time faculty. 

The biomed graduates who have become involved 
in new spin-off R&D firms have frequently combined 
their talents with those of their former teachers from 
the Sacramento campus. These combined efforts have 
resulted in the development of a number of innovative 
products and business ventures of varying degrees 
and kinds of success. Three selected examples follow: 

The Electronic Blood Analyzer. Seven^' biomed pro- 
gram graduates and a faculty mber have developed 
a blood analyzer which is being manufactured and 
marketed by the independent firm they formed to 
develop and distribute it. 
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The Ultrasonic Diagnostic Instrument: A similar spin- 
off firm developed the instrument but was bought out 
by the General Electric Company which added the 
device to Its newly formed medical products division. 
Q.E. did not transfer its new holdings away, incidentally, 
but acquired manufacturing space in the Sacramento 
area; thus, links with the state college biomedical 
engineering program have been maintained. 

The Ventilator Project: Another group, including some 
of the original heart valve team, developed a breathing 
assistance device for operating room use. Unfortu- 
nately, it was not ready for the market soon enough, 
and the venture failed. Two competitive biomedical 
technology firms were able to get similar ventilators 
approved and into production, saturating a rather 
specialized market 

Because of the unique opponcunity it provides for 
observing the development over time of a program 
involving campus and industry, we will comment further 
on the biomedical engineering case at Sacramento 
(see Chapter VII). 



Q. Fundamental and/or Applied Research 
on a Consulting basis 

The mix of research, even fundamental or "pure" 
research often involved in the consulting work done by 
faculty of state colleges for private industry, is well- 
illustrated by the ornithologist from the biology depart- 
ment at Cal Poly. Pomona, who is studying patterns of 
bird migration through mountain passes under a grant 
from a public utility company. Because little is known 
about the varieties and behavior of migrating birds 
through the southern Sierras where turbulent winds 
are prevalent his findings Vi^ll undoubtedly make a 
contribution to ornithological science. The utility com- 
pany.which retained this faculty expert as a consultant 
is considering the setting up of "wind farms" invoiving 
the construction of high efficiency wind-driven turbines 
in these same passes. For the company, knowledge of 
the daytime and nocturnal movement of migrating 
birds is an important piece of practical data which 
will be considered as a factor in their future plans for 
the Vi^nd farm. 

The next chapter will provide a brief look at reports 
of R&D-based interaction between state colleges and 
private industry from other parts of the United States. 
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CHAPTER VI 



OTHER STATES: A LIMITED SURVEY 

Information about faculty research and consulting 
at state colleges outside California is sketchy, but not 
unavailable. A formal study of the subject is underway 
in i^ew Jersey; Leonard Rubin, of nontclair State Col- 
lege, is studying natural, physical and social science 
faculty at the six campuses of the Mew Jersey state col- 
lege system. Although the data are still being analyzed. 
Professor Rubin has provided some figures on faculty 
consulting from preliminary tabulations based on 
more than 200 personal interviews. Table 20 shows 
that 69.3% of the respondents reported providing 
consulting services.^ 

Table 20 

Percent of New Jersey State College Science and 
Social Science Faculty Providing 
Consulting Services 



Consulting 


Not Consulting 


Total 


69.3% (138) 


■ 30.7% (611 


100% (199) 



In addition, 12.4% of the respondents , reported 
they were currently involved in consulting for indus- 
trial clients, while 24.4% reported working for industry 
at some time. While we have no figures yet on paid as 
opposed to voluntary wo^rK it can probably be safely 
assumed that most industrial consulting involves fees. 

The American Association of State Colleges and 
Universities (AASCU), made up of more than 340 
"second-tier" institutions— similar to CSUC institu- 
tions — from every state and territory, recently surveyed 
its members. The survey was informal and voluntary; it 
requested members to provide data on examples of 



•Data from a study of science and social science faculty at Mew 
Jersey state colleqes still in progress. Conducted by Professor 
Leonard Kubin of the Department of Sociology at Montclair State 
College, Upper Montclair , Mew Jersey. Supported by the national 
Science foundation. 



current involvement with business and industry. The 
results, although not suited to quantitative analysis, 
nevertheless were of interest for our purposes here. A 
report published in June, 1981,2 claims that the data 
returned indicate . , an increasing number of 'part- 
nerships' between higher education and business and 
industry" among Association member institutions. 
Further, the fact that 

... the relationships are spreading well beyond the 
boundaries of the traditional university research 
centers is a key factor in broadening the country's 
economic base.^ 

The report concluded that state colleges appear to be 
taking on new responsibilities as academic resource 
providers in "entrepreneurial pockets" around the 
United States. The accounts that follow are drawn from 
the AASCU survey report, augmented in some cases by 
follow-up contacts Vk^th campus officials. 

A. Trenton State College, Mew Jersey 

A Trenton State College biologist and a number of 
undergraduate and graduate students have been work- 
ing on a project supported by the national Science 
Foundation designed to develop a local aquaculture 
industry, utilizing heated water discharged from power 
plant cooling towers. It began in the late 1970's, and 
brought Trenton State into a cooperative arrangement 
with Rutgers (the State University), the new Jersey 
State Department of Agriculture, Long Island Oyster 
Farms, Inc., and Seabrook Farms, Inc., all under the 
general leadership of a principal investigator from the 
Public Service Electric and Gas Company of fiewark. 

Project members are attempting to raise rainbow 
trout and freshwater shrimp in the heated water pumped 
from a power plant situated on the Delaware River. 
Special ponds and raceways have been built and stocked 



^American Association of State Colleges and Universities, Back- 
ground {June 1981), p. 1. 
^Ibid. 
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with fingerlings and shrimp larvae supplied by private 
firms; additional stocks to be introduced are striped 
bass, American ecL and possibly others. An attempt is 
also being made to raise different kinds of stock dur- 
ing different seasons cf the year, when the overall 
temperature varies. Trenton State is responsible for 
on-site field experiments, while Rutgers has charge of 
the laboratory work. 

B. College of William and Mary, Virginia 

The Virginia Institute of Marine Science at the 
state-supported College of William and Mary is coop- 
erating with the campus law school on a research proj- 
ect investigating the legal status of title to underwater 
properties. Sub-aqueous lands and title to them are of 
interest to developers, governments and conserva- 
tionists, not to mention the energy industry. According 
to a release from the college public affairs office, 
"Virginia is among the seacoast states that suffer from 
uncertainty of title to wetlands." The project is being 
funded by a $100,000 grant from Continental Financial 
Services, which is described as a "diversified financial 
company." 

C. State University College at Buffalo, New York 

The state college in Buffalo is the site of the Great 
Lakes Laboratory. The Laboratory is intended to serve 
business, industry and government in environmental 
projects. For instance after a study of local industrial 
waste-disposal problems, state college faculty asso- 
ciated with the Laboratory recommended a waste- 
blending process whereby Bethlehem Steel Corpora- 
tion would convey its waste pickling liquors to the 
Buffalo sewer authority which, in turn, would use it to 
remove phosphorous from water during the sewage 
treatment process. 

Other assignments taken by the Laboratory have 
involved research and development concerning a pro- 
posed coal transfer facility for the harbor, and a proj- 
ect in which scrap tires donated by Dunlop Tire Com- 
pany were used for "landscape revetments" against 
erosion along the Great Lakes coastline in western 
riew York State. 

Also at Buffalo State, the Energy Advising System 
for Industry (EASI) unit funded by a $36,000 grant 
from the state energy office, was expected to complete 
by the end of the year 80 energy audits of businesses 
with 500 or fewer employees in the college service 
area. The public affairs office reports that "more than 
25 western New York firms that have acted on energy 
saving recommendations were spending an average of 
$20,000 less a year." One firm, a paper company, is 
said to have cut its fuel bills by $600 a month. 

D. University of Toledo, Ohio 

Toledo was founded as a private institution in 
1872, but was later absorbed into the Ohio system of 
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state colleges. This campus is involved in research on 
high-sulfur coal, which is plentiful in parts of Ohio. 
Thus, a faculty member in the chemistry department 
has received $40,000 from the Ohio Coal Research 
Laboratories Association to develop a system for 
removing the sulfur, in addition, the geology depart- 
ment recently received over $100,000 for coal research 
in the form of grants, contracts and equipment gifts 
from private industry and government. 

The Eitel Institute for Silicate Research at Toledo 
is a regional center for basic and applied research on 
silicate and similar substances, and has a roster of 
more than two dozen scientists from the departments 
of biology, chemistry, geology and physics. Faculty 
from other institutions in the state are also affiliated 
with the Institute, and attempts are reportedly being 
made to widen the membership to include qualified 
scientists in industry. Generally, the lnstij:ute seeks to 
"carry on research activity for businesses and indus- 
tries which do not maintain an in^.ernal research capa- 
city." One example currently underway is a project 
to develop further "production use of industrial by- 
products now considered waste material." This project 
is supported by grants of more than $30,000, about 
half of it from ri-Viro of Ohio, a subsidiary of a local 
concrete supply firm which developed, in consultation 
with EISR, an interest in using cement-kiln dust and 
coal fire fly-ash as substitutes for lime in the making 
of cement. 

Other Toledo faculty working with local private 
industry include a mechanical engineering professor 
with $14,000 from Champion Spark Plug Company for 
a study of "The 'Apparent Octane' Rating of Hydrogen 
Enhanced Combustion in a Low-Burn Engine"; an elec- 
trical engineer with $74,379 from Toledo Edison Com- 
pany for a ''Computer-Aided Analysis of Electrical 
Distribution Systems"; and a chemistry professor with 
$1,327 from Dow Corning Corporation to study "Vapor 
Pressures and Fluxes of Dow Corning Compound". 

E. Southwestern Louisiana University 

This campus, situated in an active industrial area 
near the Gulf of Mexico, reports a number of special 
arrangements for campus-industry cooperation involv- 
ing local and out-of-state firms. The Center for Green- 
house Research, covering both vegetables and orna- 
mental plants, has been set up with state government 
funds following appeals to the state by the Louisiana 
Greenhouse Owners Association. Another smaller 
project in the Department of Horticulture is sponsored 
by the nearby Mcllhenny Company which processes a 
well-known hot tabasco sauce sold throughout the 
world. This project involves development of a high- 
yield, easily harvested tabasco pepper. Southwestern's 
agriculture faculty also regularly perform tests on 
pesticides for Mobile Chemicals and Union Carbide, 
both of which have plants in the nearby oil-producing 
and refining areas. 
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One of the larger projects at Southwestern is a 
$192,000 sub-contract from Dow Chemical Company 
for physical and chemical analysis of brine brought up 
from a new geo-pressuicd qeothcrmal well being drilled 
near Tiew Iberia Louisiana. The analysis will be done 
on campus laboratory equipment This project is part 
of a more complex undertaking originally funded by 
the U.S. Department of Energy. 

Finally, in a manner similar to— but considerably 
larger in scope and scale than similar projects on 
several California campuses described in Chapter V — 
Southwestern computer scientists are attempting to 
improve the operational capability of a well-known 
minicomputer. Texas Instruments, Inc., has granted 
the Southwestern Computer Science Department a 
total of about half-a-million dollars in funds and equip- 
ment, the latter consisting of three Tl 990/10 model 
mitiicomputcrs with peripherals. Faculty and students 
iwc running this state-of-the-art equipment to devise a 
new operating system and related software for the 
three minicomputers which would . . (regulate) the 



resources of the computers as they work in tandem 
to optimize their performarace. ' 

It is apparent that the institutions discussed' here — 
the second-tier public state colleges that belong to the 
American Association of State Colleges and Universi- 
ties— rform a kind of continuum in terms of their 
relationships with industry. Clearly, some appear to 
have developed well-established programs with a wide 
range of scientific expertise available to clients in the 
private sector; others responding to the survey but not 
d'^scribed here appear to be in the early stages of cul- 
tivating such relationships, and are beginning with 
modest projects. 

Overall, however, nationwide data on these kinds 
of institutions and their collaboration with industry is 
fragmentary, neither the scope nor the depth of such 
activity is readily visible for science policy planners 
interested in including it in estimates of the nation's 
scientific resources. Obviously, this is a situation that 
could benef?*^ from investigation beyond the limited 
scope of this report. 
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CHAPTER VII 



COriCLUDIMQ COMMENTS 

This report on interaction between science and 
engineering faculty at state colleges and science- 
oriented industry In California and elsewhere in the 
country tells us some things and alerts us to others 
that would benefit from further research. Our findings 
suggest a considerable amount of research and devel- 
opment and consulting activity carried on by faculty at 
California and other American state colleges. These we 
have described collectively as constituting a "second- 
tier" of public higher education. Many of these, institu- 
tions were formerly teachers' colleges; most now belong 
to the American Association of State Colleges and Uni- 
versities (AASCU), and are generally established and 
maintained by state governments to teach the masses 
of non-elite students seeking a full four-year college 
education. All of them have filled out their faculties 
with Fh.D.'s from the surpluses in all fields which 
became available in the late '60's and early '70's. 

Our findings suggest that a sizeable portion of the 
RfifD and/or consulting by science and engineering 
faculty at state colleges Is linked with the private indus- 
trial sector. Industrial R&D involved faculty in all sci- 
ence disciplines studied in our California survey— the 
greater share of it reported in engineering, with its 
emphasis on problem solving and design work. How- 
ever, the increasing importance of natural and phy- 
sical science Inputs into high technology Is likely to \ 
strengthen the links between industry and science 
faculty as well. 

While the data on interaction of science and engi- 
neering faculty with industry at state colleges outside 
California is fragmentary here, nevertheless it suggests 
that the California activity is not peculiar or unique 
when compared with similar campuses throughout the 
country. 

A. The Mechanical Heart VaWe R&D Process 
Seen as a Developmental Model 

When examined in its various aspects and stages, 
i the case of the mechanical heart valve at California 



State, Sacramento,. cited above in Chapter V, can b^-'^j 
viewed as a model of how Initially modest and sporadic^' ^ 
attempts to do consulting and joint R&D work can set 
off a chain cf developments with benefits for faculty, 
students, campus, private industry, and ultimately— it 
might be said in this case— for the public at large. 
In other words. It was an unpredictable and seren- 
dipitous twenty-year ofF-campus cooperation between 
engineering and biological science faculty from the 
state college, medical practitioners working paic-time 
In a local private, non-profit medical Jacility and, ulti- 
mately, a large medical products firm serving a world 
market. More recently, the initial activity has been fol- 
lowed by the emergence of small, innovative firms spun- 
ofi" from the state college. Altogether, it offers an illus- 
tration and a method by which R&D talent in fringe 
areas of higher education in America is-— and might be 
additionally— conserved & utilized. 

The pattern or model presented by this R&D and 
its ultimate products, programs and spin-ofFs, may be 
sieen as having gone through a number of sequential 
steps during its two decades of development: 

Stage /: Faculty involvement in off-campus R&D on the 
heart valve takes place on a private consulting basis. 
This followed naturally from the fact that, for the first 
half-dozen or so years after the California State Col- 
leges System was set up in 1961, there were no formal 
facilities for dealing with research grants. ' Educational 
and training grants" had been received, but not re- 
search funds. 

Stage II: Faculty feedback from off-campus work enriches 
the campus educational program which is manifested 
in establishment of a master's program ih biomedical 
engineering. 

Stage III: Placement of biomedical engineering grad- 
uates of new program in medical facilities and in firms 
established in medical technology. Formation of inno- 
vative spin-off firms involving both graduates and faculty 
of new program. 
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Stage IV: The continuing interaction between spin-ofT 
firms, established medical technology firms, and the 
state college program by means of continuous inter- 
change of students and part- and full-time faculty, result- 
ing in enrichment of both academic program and private 
industrial sector. 

Thus, a "successful" sequence or model process 
of this kind— if it could be duplicated in similar set- 
tings—would involve off-campus consulting and R&D, 
and both informal and formal enrichment of the campus 
program, while spawning technological innovation for 
industry. 

B. R&D as an Unintended Consequence of the 
State College Function 

Overall, the research done so far at various state 
colleges in the Cai ifornia State University and Colleges 
system suggests a tendency for science and,particularly, 
engineering faculty v\ith doctoral level expertise to seek 
out — or be sought out by— people in busine ss, the pro- 
fessions and industries that happen to need their par- 
ticular services. This seems to happen largely because 
of the simple presence, the accessibility and availability 
of clusters of experts at state college campuses, of 
which there are about 350 widely dispersed through- 
out the country. While the nature of some academic 
specialties may encourage certain faculty to offer 
private consulting services or organize small business 
ventures regardless of their location (e.g., software 
creation), for the most part we can surmise that faculty 
activity in industry is closely related to opportunities 
at hand. In other words, at any civen campus the amount 
and kinds of private consulting 13 likely to depend on 
the amount and kinds of industrial activity in the local 
service area of the college.' (Certainly more in-depth 



investigation is needed for a better estimate of what 
where and how much R&D work is done as part of pri- 
vate consulting practice. The questions to be asked 
would focus upon— among other things— quantitative 
and qualitative differences between campus based 
R&D and faculty private practice, rieedleos to say, there 
are difficulties in studying such activity, not the least of 
which might be faculty reluctance to discuss extra 
earnings.) 

On the other hand, as the value of non-teaching 
professional work for these kinds of campuses be- 
comes more clearly recognized, more grants and con- 
tracts from industry may come to be formally proc- 
essed through campus research offices. Under such 
arrangements, overhead charges would revert to the 
campus, while faculty could be compensated by a 
reduction in teaching load— which, commonly set at 
12 hours with little or no laboratory or teaching assist- 
ance, is considered heavy in academic circles. Para- 
doxically, administrators may be more sanguine about 
such arrangements than faculty. One professor at San 
Diego complained that overhead charges of his campus 
foundation were so high as to discourage local industry 
from even approaching the campus in an official way (a 
contention denied by state college foundation officials 
and also by others in a position to make compari- 
sons). Obviously as long as this kind of work remains 
a source of extra income, some faculty will continue 
to provide consulting services to private industry "on- 
the side."2 

But there is more to it than just that. As we have 
seen above, involvement in consulting or R&D can 
clearly have stimulating effects for faculty and campus 
as well, in terms of continuing professional develop- 
ment, updating of knowledge and experience, and 
enrichment of science and engineering programs for 
students. 



' fSrilisli pol5^c0f nTcsnvhlcTr lhc~scco fi d'tlcTOfiitgUcc^ ^ 

e(.luc*ntion in the United Kingdom after the universities, not only pro- 
vidt! iin interesting analogy tc state colleges but also demonstrate 
II -developed 'modes of relationship with the private (and public) 
induslriai sector. In a separate report submitted to the chancellor of 
the Cnlifornia State University, we have described the "consultancy 
companies * utilized by a number of British polytechnics to facilitate 
linkages with business and government {including foreign business 
iind governments). The report includes discussion of one of the 
niore unusual forms of integration with extramural agencies, the 
■ technopark ' of London's South E5ank Polytechnic, which is situated 
in a single building in a crowded urban factory and warehouse dis- 
trict, and operates on the model of a medical "teacliing hospital" 
administering to the needs of nearby industry and commerce. 



^Airtntc-rcsJJng comparative view of some of the problems asso- 
ciated with ■■consuUancy^m-MlishjK)l>^ is provided In Con- 
st/ //a net/ rractlse in roUjtechnics: A Commentary (London: Cpm- 
niittee of Directors of Polytechnics, 1980). British polytechnics grew 
out of mergers between technical colleges and teachers' training 
institutions rather than o ut of teacher training facilities alone, as was 
usually the case in America Consequently, polytechnics absorbed 
from their technical college roots a long tradition of faculty associa- 
tion Willi business and industry, for this reason, perhaps the British 
second-tier institutions seem more Integrated into business, indus- 
try and governmental spheres of activity than do /\nierlcan state 
colleges, which have usually been,. linked solely to state educational 
establishments. / \ 
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Preface 



Over the years an American system of university-industry connections has grown up that 
Is without parallel in the developed world for its strength, diversity and vitality. The system is 
the result of no conscious plan. Its variegated structure flows from the slow patterning of a 
myriad of individual institutional and corporate responses to perceived needs, opportunities 
and problems. The system is thus an historical phenomenon of considerable complexity. It 
has deep roots in our national culture— in America's pluralism, in the service ethic of higher 
education, and in the pervasiveness of business values in the nation's life. 

The American system of university-industry connections bears powerfully on the conduct 
of scientific research. Efforts to modify that system in order to improve the translation of basic 
research into industrial innovation are now the subject of much proper concern. These efforts 
will proceed better if they are informed by a knowledge of the variety of the historical forces 
and the human achievements that underlie the present system. With th3t thought in mind 
this essay addresses one central case— that of the connections of academic chemistry and 
chemical engineering with the chemical industry. ;> 

The method used is that of historical analysis. The prolegomena sets the stage in its first 
section, by pointing to the dual nature of chemistry and by sketching certain salient aspects 
of the American chemical discipline a century ago. In a second section, the point is made that 
growth has been the dominating motif in every aspect of chemistry over the past one hundred 
years. Certain indicators of absolute growth are presented, and the phenomenon of a relative 
decline concealed within it is alluded to. The prolegomena ends with a discussion of some 
micro-indicators which reflect the texture of university-industry connections, and which thus 
provide a bridge to the main body of the paper. That main body provides a narrative history of 
the chosen subject, in five sections covering the period from 1890 to 1980. Plo conclusion 
is offered, for the purpose of this paper is not to provide any explicit moral. Instead, the aim 
is to display the depth, variety, and tenacity of those forces which have been— and are— shap- 
ing the American system of university-industry connections. 
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Chapter I 



PROLEGOME^lA 

A« The Historical Roots of Twentieth 
. Century Chemistry 

1. The dual nature of chemical science 

Chemistry has always been pursued for its prac- 
tical utility as well as for its intellectual fascination. 

. From at least the late-eighteenth century, spokes- 
men and practitioners have understood that chemical 
knowledge offers a key to agricultural improvement 
and industrial advance. Since the second half of the 
nineteenth century, the promise has been steadily ful- 
filled. Synthetic dyestuffs, artifical fertilizers, food addi- 
tives, and wholly "man-made" industrial and house- 
hold products have been familiar results of chemical 
science for over half a century.^ The employment of 
and provisions for the education of, chemists and 
chemical engineers have grown correspondingly and 
are. a marked feature of the modern era, especially 
in the United States. 

Another aspect of chemistry's utility lies in its links 
to medicine. Since the Renaissance at least the heal- 
ing power of chemical remedies has made theoretical 
knowledge of the science a necessary item in the train- 
ing of the physician. When Joseph Priestley, the renowned 
discoverer of oxygen, emigrated from Britain to the 
United States in 1794, he was quickly offered a pro- 
fessorship of chemistry in the nation's first medical 



school.2 Many of today's great centers of chemical 
research have sprung from the root of chemistry in 
iatrochemistry and pharmacy, as have the recent 
triumphs of biochemistry and molecular biology, and 
the present hope for spectacular developments in bio- 
engineering and related fields. 

Chemistry has also long been an important ele- 
ment in natural philosophy— the alchemist sought 
gold not only for its material wealth and its medical 
importance as an incorruptible or sign of immortality — 
he also sought to make gold because the ability to do 
so would symbolize his intellectual and spiritual unity 
with nature.^ 

The chemical discipline has thus been one of var- 
iety and complexity from its earliest beginnings. The 
discipline encompasses: 

—craft or utilitarian knowledge, as in the agricul- 
tural and industrial arts. 

—vocational or professional training, as in the 
medical field. 

— abstract or conceptual understanding, as in 
basic research. 

Education, employment knowledge advancement and 
academic style all reflect this variety and complexity in 
chemistry. The mixture of the intellectual with the 
utilitarian has made chemistry a subject well-suited to 
flourish in the United States, especially in the twentieth 
century as American universities and industries have 
taken on a particular national style. 



' Maurice Crosland, "The Development of Chemistry In the Eight- 
eenth Century," Studies on Voltaire and the Eighteenth Century, 
1963, 24, 369-441; Archibald QC lian L. Clow, The Chemical Revolu- 
tion: A Contribution to Social Technology (Batchworth, London, 
1952); Alexander Findlay, A hundred Years of Chemistry, 3rd ed. 
(0. Duckworth, London, 1965); Williams Haynes, This Chemical Age: 
The Miracle of Man-Made Materials, 2nd ed. (A- A. Knopf, I^ew Yoriv 
1942). 



2Edgar F. Smith, Priestley In America: 1 794-1804 (P. Blaklston's 
Son df Co., Philadelphia, 1920); Allen Q. Debus The Chemical 
Philosophy: Paracelslan Science and Medicine In the Sixteenth and 
Seventeenth Centuries, 2 vols. (Science History Publications, Mew 
Yori^ 1977). 

^F. Sherwood Taylor, The Alchemists, Founders of Modern 
Chemistry (H. Schuman, f^ew Yori^ 1949). 
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2/ Three early American adepts 

The emergence in America of major industries, of 
research universities, and of close linkages between 
the two, is a development of the past one hundred 
years. However intimations of what lay ahead may be 
seen in the way that American chemists of the later 
nineteenth century filled many roles at the same time. 
A glimpse of the careers of three Presidents of the 
American Chemical Society gives a sense of prevailing 
realities a century ago. 

James Curtis Booth (ACS Pres. 1883-85) might 
be characterized as the first professional consulting 
chemist in the United States. The firm he founded in 
Philadelphia survives to this day. In addition to analyzing 
ores, minerals, fertilizers, sugar and other materials. 
Booth took out manufacturing patents. Me ran his own 
school of practical chemistry, in which around 50 young 
men eventually served apprenticeships, and he held 
professorships successively in the Franklin Institute, 
the Central High School, and the University of Pennsyl- 
vania. At one time he directed the Geological Survey of 
Delaware. Me was ''melter and refiner" of the U.S. Mint 
for almost forty years, and he edited a standard Ency- 
clopedia of Chemistry of his day.* 

Samuel W. Johnson (ACS Pres. 1878) was appointed 
to the faculty of the Sheffield Scientific School of Yale 
University in 1855, despite his lack of earned academic 
degrees. Johnson remained at Yale for over forty years, 
adding to his professorship the roles of chemist to the 
Connecticut State Agricultural Society and director of 
the pioneering Connecticut Agricultural Experiment 
Station. Me was a leading chemical consultant in legal 
cases, and he wrote a best-seller on how Crops Grow 
that was translated into German, Italian, Japanese, 
Russian and Swedish.^ 

Most protean of all was Charles F. Chandler (ACS 
Pres. 1881, 1889) who played major roles as industrial 
chemist, educator, editor, organizer and public serv- 
ant. Chandler was simultaneously Dean of the School 
of Mines and Mead of the Chemistry Department 
at Columbia, professor in new York's College of Phy- 
sicians and Surgeons and President of the College 
of Pharmacy. Mis great influence as a teacher was 
reinforced by his major roles in several learned socie- 
ties. Me was President of the new York City Board of 
Health for a decade. from 1873. At the same time he 
was editor and publisher of the American Chemist 
and one of the leading industrial chemists of his day. 
He provided expert testimony in numerous patent liti- 
gations. Mis technical range included sugar, petro- 



* Biographical information on Booth (1810-1888) may be found 
in the Dictionary of American Biography (cited hereafter as DAB), 
1929, 2, 447-448. 

^Johnson (1830-1909): DAB, 1933, 10, 120-121. For an extended 
account of Johtison's work see Margaret W. Rossiter, The Emergence 
of Agricultural Science: Justus Lleblg and the Americans, 1840- 
1880 (Yale University Press, new Haven, 1975), chapters 8-9. 



leum, illuminating gas, electrochemistry and the com- 
mercial analysis lof waters and minerals. In the early 
days of the petroleum industry Y e was the foremost 
consultant in Arrierica. The Society of Chemical Indus- 
try awarded him | its Perkin Medal' in 1920, in recogni- 
tion of his contributions to applied chemistry.^ 

The careers of these three men display how aca- 
dernic, agricultural, industrial, and medical themes 
were intertwined in American chemistry in its infant 
days. Booth, Chandler and Johnson all received their 
advanced training in German universities. However 
none was able to replicate his foreign concentration 
on research u/hen he retumed to America. Instead their 
careers shovy how under the conditions of a sparsely- 
settled continent v/ith new needs and nov^l opportuni- 
ties, European academic knowledge wa*> transmuted 
into the mixed styles of American chemistry. 

3. Ph.Ds and the research ethos 

The Ph.D degree first became recognized as a cer- 
tificate of competence in chemical . research in Germany 
in the second quarter of the nineteenth century. The 
major credit lies with Justus von Liebig, a leader in the 
development of quantitative organic analysis. Liebig 
was appointed extraordinary professor at Giessen in 
1824. Mis main source of studer "3 and income derived 
initially from his additional post as licensor in phar- 
macy for the state of Hesse-Darmstadt. However Liebig 
quickly built up a reputation in organic analysis, and 
began to ^^ttract a following of students fired with 
l^/ienthusiasm for chemical research. From the mid- 
1830s his German audience was increasingly supple- 
.mented by students from Britain, France, Russia and 
the United States (Samuel W. Johnson, for instance, 
studied under Liebig in 1854).^ 

Liebig's success is of great interest, for it illus- 
trates not only the links between chemistry and a 
medical vocation (pharmacy), but al^o between re- 
search reputation and international influence. Mis 
success in attracting and training students was also a 
key to the industrial employment of Ph.Ds. That em- 
ployment was itself initially a "supply-side" phenom- 
enon, and as such, indicative of the ways in which uni- 
versity life is unpredictable and possessed of its ovm 
dynamics. 

Already by the early 1840s, doctors of philosophy 
were emerging from Liebig's laboratory, faster than the 
German academic world could absorb them. One 
favored pupil— A. W. von Mofmann— rhoved to England 
in 1845 to become a professor in London's new (and 
precarious) Royal College of Chemistry, financed by 
agriculturists and manufacturers. A decade later one 
of Mofmann's young pupils— W. M. Perkin— discovered 



'^Chandler (1836-1925): DAB, 1929, 3, 61 1-613. 
^See J. B. Morrell, 'The Chemist Breeders: The Research Schools . 
of Liebig and Thomas Thomson, " Amblx, 1972, 19 1-47. 
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the first of the aniline dyestufTs and the synthetic dye- 
stuffs industry was born.s Much of the (cotton and 
woolen) tnarKct for dyestufTs was in England. It was 
there that the first developments took place. However 
the center of gravity of the synthetic dyestufTs industry 
soon moved back to the German states. 

Thanks to Liebig— and those professors in other 
German universities wtio competitively emulated him— 
the supply of Ph.D chemists far exceeded academic, or 
any other, demand. Researchers in organic chemistry 
had a powerful motive to find new employment for 
their trained talents. Some German dyestufTs manu- 
facturers began to employ the occasional chemist/ 
usually without deriving any enduring benefits from 
the association. Four things served to change this 
state of afTairs and to produce what proved to be a 
fundamental social invention, the industrial research 
laboratory. First, theoretical knowledge of organic 
compounds progresssed rapidly in the 1860s and 70s; 
second, the changes in patent iaw and market struc- 
ture consequent upon the unification of the German 
states In 1871 placed a premium upon continuous 
innovations in such a fashion-conscious field as dye- 
stufTs, as markets became large and publics remained 
fickle; third, the growing size of dyestufTs companies 
allowed a greater division of labor; and fourth, pro- 
longed trial-and-error attempts to find successful ways 
to harness the supply of Ph.Ds and their esoteric 
knowledge to industrial goals finally began to yield 
success. By the 1890s German chemical companies 
were committed to the idea of industrial research, 
undertaken by trained chemists employed in new 
purpose-built laboratories.^ 

While German Ph.Ds in organic chemist.ry found 
tentative, then secure, employment in industrial lab- 
oratories in Germany in the 1880s and 90s, things 
were far difTerent for American Ph.Ds returning to the 
United States. Those Americans who journeyed to 
Giessen and other German centers faced a lonely, up- 
hill battle as they sought to establish German-style 
research in American academic institutions. The idea 
of science as Wissenschaft, as pure moral truth unfold- 
ing through never-teasing research, was not easily 
grafted onto the traditions of the American college, 
instead the first German-trained American Ph.Ds in 
chemistry found their most natural opportunity in 
those service-oriented areas that related to private 
and entrepreneurial enterprise (as Chandler did) or to 
agricultural chemistry arid to experiment stations (as 



"Sec Qcrr>'lynn Ktiszen Roberts, The Royal College of Chemls- 
trij (1 845' 1 855): A Social history of Chemistry In Early Victorian 
t:nciland (Unpublislied Ph.D dissertation, Johns Hopkins University, 
1973); and Fcrkln Centenary— London: 100 Years of Synthetic Dye- 
stuffs (Pcrgamon Press, London, 1958). 

'Mohn J. FSccr, The Emergence of the German Dye Industry (Uni- 
v«:rsity of Illinois Press, Urbana 1959); George Meyer-Thurow, "Indus- 
trialization of Invention: A Case Study from German Chemical Indus- 
iry," Isis, 1982, 73, 363-381. 
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did Johnson). Only slowly, in the 1880s, did the idea of 
research as a natural, indeed central, academic activity 
begin to penetrate the country's older institutions of 
higher education. The example of Johns Hopkins (f. 
1876), where chemistry was by far the largest scientific 
discipline from the very earliest days, was one strong 
encouragement. By the 1890s, the stage was set for a 
science that would respond to — and, on occasion, 
create— American opportunities, with forms appro- 
priate to America in the industrial era, 

B. The Overall Pattern of Growth 

In order to appreciate the rhythms and the partic- 
ularities of the way connections between universities 
and industry have developed, it will be helpful if we 
first sketch some of the long-run trends in chemical 
industry and in academic chemistry in the United 
States. Those trends have mainly to do with growth — 
that extraordinary growth' which has characterized 
American science, American industry and American 
life in the past one hundred years. It is in terms of this 
enduring trend of growth that we may best understand 
how elements in the academic-industrial system have 
first been invented to cope with new conditions, then 
rapidly copied and diffused as the system grew. At the 
same time, absolute growth has concealed inside itself 
a second set of trends, those of relative decline. Chem- 
istry is not as important within academe as it once was, 
nor are the traditional chemical industries able to set 
the pace as they once did. Strategies for linking aca- 
demic with industrial concems have necessarily altered, 
and fortune has favored those able to sense and to 
articulate the changing opportunities. 

The over-arching context has been set by the long 
run trends in chemistry as occupation and profession; 
in the supply of credentialled chiemists; in academic 
employment; in jobs in chemical industry; and in the 
growth of special niches in industrial research. A nat- 
ural point of entry is with chemistry considered both 
as an occupation and a profession.^^ 

1. Chemistry as occupation and profession 

The available data reveal the dramatic growth in 
chemistry as an occupation over the last century. 
Figure 1 indicates that chemists in the labor force have 
increased more than a hundredfold over the period, 
starting at under 1,000 in 1870 and exceeding 100;000 
by 1970. The graph gives a strong visual sense of the 
explosion of the chemical enterprise in one century's 



'ojhe analysis in the following section relios lieavily upon the 
statistics and discussion presented In Robert f. Bud, P. Thomas 
Carroll, JefFrey L. Sturchio,. & Arnold Thackray, Chemistry In Amer- 
ica, 1876-1976: An Historical Application of Science Indicators 
(Report to the national Science Foundation. Department of History 
and Sociology of Science, University of Pennsylvania, Philadelphia, 
1978. Publication In book form by D. Reidcl, Dordrecht Holland is 
scheduled for 1984). 
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FIGURE 1. Gompertz Trend in the Number ot 
Chemists, 1S70-1970. 
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time. A shift of this magnitude cannot but transform 
the very nature of the undertaking, influencing such 
things as patterns of organization and communica- 
tion within chemistry. 

The same conclusion follows from a comparative 
look at chemistry in re!?ttion to the rest of the U.S. 
labor force. Figure 2 shows the time series of chemists 
per 10,000 workers. The enduring trend is one in 
which chemists represent an increasing fraction of the 
labor force. But the rate of that increase is slowing, 
and past performance suggests a saturation around 
15 chemists per 10,000 workers. 
^ One final aspect of chemistry as occupation and 
profession deserves mention. It is instructive to con- 
sider the growth of chemistry as an occupational 
grouping in the wider context of what the Census calls 
'professional, technical, and kindred workers." This 
category includes accountants, engineers, and a con- 
siderable range of occupations comparable in skills to 
chemists. Figure 3 shows the number of chemists per 
1,000 "professional, technical, and kindred workers. ' 
The steadily increasing importance of the chemist for 
the 80 years before 1950 is as dramatic as the sub- 
sequent quarter-century decline. 



2. The supply of credentialled chemists 

The United States is an increasingly academic 
nation. It is Important to remember this when discussing 
the place of the sciences in American society. Chem- 
istry has partaken of this education boom. For most 
of the past hundred years chemistry has been a steadily- 
growing academic activity (see Figures 4 and 5). At the 
same time chemistry has also suffered a sustained 
relative dec/Zne within academe and, more recently, an 
absolute decline in terms of degrees granted. 

In 1890 some 600 baccalaureate degrees were 
conferred in chemistry; by 1910 the number was 
2,100; by 1930 it was 4,400 and by 1950, 12,300. 
Since that time the number of degrees conferred has 
remained steady, or even declined a little. The pat- 
tern of rapid, absolute growth thus lasted for almost 
three quarters of a century (1880-1950). Growth on 
the doctorate level has been even more rapid, and 
more enduring. Thirty doctorates in chemistry were 
conferred in 1890; 80 in 1910; 330 In 1930; 970 In 
1950; and 2,200 In 1970, since when the number of 
Fh.Ds has also declined somewhat. 



FIGURE 2. Chemists per Ten Thousand 

Working Populatlor, 1C70-1970. 
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VV!iile exponential Increases characterize the Amer- 
ican acxjclcniic system, there are dangers In being trans- 
fixed byllic dniniiUk: phenomenon of absolute growth. 
Iri the case ol chemistry, absolute growth overlays a 
second phenomenon— that of relative decline. In terms 
ol its significance as a baccalaureate subject chemis- 
try lias been subject to an enduring trend of relative 
decline lor over half a centur>^ In that time undergrad- 
uate chemistry degrees decreased In relative standing 
bij an order of magnitude— from one In ten baccalau- 
reates conferred to one In a hundred. A similar more 
modern trend Is apparent on the doctoral level. As 
recently as 1940, chemistry departments conferred 
almost one fifth of all earned doctorates. By the early 
1970s the proportion had declined to about one- 
fiflecnth (see Figure 6). 

These relative declines were not caused by the 
rise of new chemistry-related disciplines. Adding the 
comf^iLUcitively miniscule figures for biochemlstr>' exacer- 
bates the relative decline of chemistry on the doctoral 
level, and has no noticeable impact upon the trend 



FIGURE 3. Chemists per Thousand 

Professional, Technica], and 
Kindred Workers, 1 870-1 970. 
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FIGURE 4. Trends in Bachelors Degrees 
Conferred in Selected Fields, 
1890-1978. 
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In bachelors degrees. Including chemical-materials 
engineering degrees (I.e., degrees In chemical engi- 
neering, metallurgical engineering, materials engi- 
neering, and ceramic engineering) alters the fraction 
of degrees attributable to chemistry, but it does not 
change the trend. The relative decline In degrees con- 
ferred Is real, whether chemistry Is broadly or narrowly 
defined. 

This decline Is not unique to chemistry, but char- 
acterizes the natural sciences as a whole. The endur- 
ing trend of relative decline of the natural sciences 
Is as Important to any adequate analysis as the more 
familiar concept of the absolute exponential growth of 
those sciences. Chemistry simply provides the most 
extreme example of a more vyidespread phenomenon. 
In this It pays the penalty of the pioneer that comes 
from Its early dominant role among the academic sci- 
ences. On the one hand, growth has been the endur- 
ing context In which chemistry has functioned as 
academic discipline. That growth has had, and contin- 
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ues to have. Important consequences with respect to 
scientists' expectations concerning available resources 
and proper procedures. In its early stages growth was 
sustained by direct vocational linkace between higher 
education in chemistry and employment in the chem- 
ical profession. On the other hand, the same growth 
has concealed decline in the visibility of chemistry 
within higher education. 

3. Academic employment 

It is hard to obtain reliable historical information 
on the number of chemists in academic ernployment. 
Those concerned with counting academics have not 
seen fit to collect statistics upon academic chemists. 
For example, the Bureau of Census persisted until 
1970 in lumping academic chemists in the heteroge- 
neous group known as "college presidents, professors, 
and instructors." Only recently has it disaggregated 
this category by discipline for the 1970 returns and 
retroactively developed comparative data for the 1960 
census. 



FIGURE 5. Trends in Doctorate Degrees 
Conferred in Selected Fields, 
1890-1978. 
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FIGURE 6. Chemistry as Percentage of All 
Degree Conferrals, by Level, 
1890-1978. 
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The disparities among the additional estimates 
highlight the softness of the data and the continuing 
ambiguities of terms like Taculty^and "college teach- 
er." The disparities also provide an envelope for the 
employment of chemists in academe. From an esti- 
mated hundred or so in the 1870s, academic chemist's 
have grown steadily until they now number in the 
neighborhood of 10,000 (see Figure 7), The century- 
long growth rate is 4.3 per cent per year. This rate of 
Increase exceeds the 3.3 per cent per year rate of 
growth in the number of chemistry bachelors degrees 
conferred but It falls short of the 5.3 per cent annual 
rate of growth for chemistry doctorate conferrals. In all 
probability, there are today more chemistry faculty 
members per undergraduate student majoring In 
chemistry— ^nd fewer per graduate student— than a 
hundred years ago. 

The exponential Increase in the absolute number 
of academic chemists Is not so Impressive as at first 
appears. Chemistry faculty have constituted between 1 
and 2 percent of all teaching personnel at American 
' colleges and universities during the past century. The 
data show a decline over the century but given ambl.- 
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guities in the estimates, it is not clear wiiat to make of 
this trend. The employment of chemists in American 
higher education certainly does not show the precipi- 
tous relative decline that surfaced when degree con- 
ferrals were examined. Comparisons on the level of 
chemistry as profession also attest to the staying 
power of the academic side of chemical employment. 
The number of chemistry faculty in America, expressed 
as a fraction of the number of members of the Ameri- 
can Chemical Society, has remained roughly constant 
(see Figure 8). Since World War I faculty have equalled 
between 5 and 10 per cent of ACS membership, riot all 
chemi.stry faculty have been ACS members, but the 
relationship between the size of the profession and the 
number of those charged with the training of new 
e:ntrants to the profession has been stable. 

4. Chemists in industry 

Throughout the twentieth century, the majority of 
American chemists and chemical engineers have worked 



FIGURE 7. Faculty In Higher Education: 
All Subjects and Chemistry, 
1870-1978. 
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FIGURE 8. Ratio of Chemistry Faculty to ACS 
Membership, 1876-1979. 
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In industry. However considerable difficulties attach to 
any attempt to construct j indicators of that employ- 
ment. It Is not just "chemicals and allied products" 
industries or the lchemlckl process Industries that 
have hlijed chemists. Other manufacturing and even 
non-manufacturing industijles have called upon their 
services. In 1950/for Instaijice, two hundred chemists 
were employed by American railroads, one hundred by 
medical and dental laboratories, and two hundred in 
engineering and architectural services. There were even 
96 members of the Associat on of Official Racing Chem- 
ists, who analyzed the urir^e and saliva of thorough- 
breds to guard against the unauthorized use of drugs. 

Considerable ambiguitjes thus attach to any at- 
tempt to specify the work in which chemists have been, 
engaged. There are no clear points of demarcation 
between research, development, and routine analysis, 
nor between research and ^administration; nor Is it 
possible to differentiate sharply between industrial 
chemistry and chemical engineering. These reserva- 
tions should be bome In mind when looking at Figure 9, 
which displays the employment of chemists In Ameri- 
can Industry and shows an increase from roughly 12,700 
persons In 1917 to over 93,6oO In 1970. (Census and 
Bureau of Labor Statistics estimates of all chemists 
in the labor force— not just chemists In Industry— are 
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IplGURE 9. Rough Estimates of the Number of 
Chemists in Industry, 1917-1970. 
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also provided for comparative purposes). The paucity 
of information prior to 1950 is appJarent. So too is the 
long-term importance of industrial employment to the 
American chemical community. According to Bureau 
of Labor Statistics estimates, industry was the primary 
sector of employment for American chemists from at 
least 1950 to 1970, providing jobs for more than 70 
per cent of the chemical community over that period. 
tividei:ce from earlier surveys suggests that this dis- 
tribution of chemists has prevailed since World War I. 

5. fiescMrch laboratories and research workers 

The institutionalization of research in industry has 
been one of the most striking features of tl^ie social his- 
toiy of twentieth century American science and tech- 
nolog>^ The establishment of corporate research lab- 
oratories began around the turn of the centu^. Adopting 
a utilitarian rhetoric which resonated strongly with the 
Progressive era's faith in social progress through sci- 
ence, scientists appealed successfully to th^ captains 
of an expanding industrial community, who perceived 
continuous innovation as a new weapon in corporate 



strategy. Research would provide new products to 
compete with European imports, and produce patents 
to protect the ground thus gained. Research labora- 
tories were first used in the electrical and chemical 
industries. The nascent industrial research movement 
gained impetus from the wartime experience of coop- 
erative effort, and science became inextricably linked 
with industry during the boom years of Coolidge pros- 
perity. The cumulative trend in the formation of lab- 
oratories from 1890 to 1940 is illustrated in Figure 10, 
which represents a 59 per cent sample of companies 
reporting laboratory activity to the national Research 
Council in 1940. 

Industry-by-industry comparisons of the propor- 
tion of chemists among company research workers 
are not readily available. However aggregate data pro- 
vide information on the disciplinary breakdown of sci- 
entists engaged in industrial research. Between 1921 
and 1950, the increase in industrial researchers (9.6 
per cent per annum) was more than four times that of 
all employees in U.S. manufacturing (2.3 per cent per 
annum). Figure 11 presents information on the em- 
ployment of chemists in American industrial research 



^ FIGURE 10. Cumulative Number of Industrial 
Research Laboratories Formed, 
1890-1940- 
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FIGURE 11. Chemists, Physicists, and 

Engineers in industriai Research, 
1921-1960. 
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from 1921 to 1960 (with physicists and engineers. in- 
cluded for comparative purposes). During this period, 
the number of chemists in Industrial research labora- 
tories increased elevenfold, froin about 3,800 to 43,000. 
Making no adjustment for the 11 per cent decline at 
the beginning of the Depression, this represents a 
doubling every 11 yeark. By comparison, the total 
number of chemists reported by the Census grew 
more slowly, from about 28,000 in 1920 to 77,000 In 
1950. This Is equivalent to a doubling every 21 years. 
The relatively rapid shift In the deployment of chemists 
transformed the contours of the chemical community, 
and Industrial research gained in prominence. 

6. ACS Presidents: micro-indicators 

Large aggregates and long run trends can conceal 
the influence of particular Individuals and institutions. 
At the same time individuals and institutions reflect, 
even while affecting aggregates and trends. Thus shifts 
in the educational background of American Chemical 
Society presidents over time display vividly the decline 
of German hegemony in the advanced training of 
American chemists. Before 1896, six out of ten ACS 



presidents spent time in German universities, while 
another three out often came to chemistry via medical 
training. By the turn of the century (1896-1905), ACS 
presidents were already as likely to have been trained 
i!i the United States as in Germany, and the proportion 
of American chemistry Ph.Ds among ACS presidents 
increased steadily thereafter (as shown In rigure 12). 

Analysis of the institutional locations of ACS pres- 
idents during their tenure of office yields several 
interesting observations (Hgure 13). Tlrst, academic 
chemists were the dominant group among ACS presi- 
dents, exerting an influence disproportionate to their 
jiize as a sector of the American chemical community. 
Second, although four of the first 25 individuals to 
become ACS president were employed by the federal 
or 3tate governments when elected, no government 
chemist has been elected to the presidency of the Amer- 
ican Chemical Society since 1906. Finally, chemists 
from the industrial sector were a major group among 
ACS presidents during the Society's first decade, but 
(except for a group of four industrially-connected pres- 
idents in the decade from 1926 to 1935) did not re- 
gain their position until after World War II. 

In the first few decades of the Society's existence, 
its presidents were employed in widely-varied pursuits. 
After the tum of the century, occupational backgrounds 
of ACS presidents became less di\!ersified, a change 
related to the routlnlzation of careers Vi^thin the chem- 
ical community at large. Edgar Tahs Smith (President 
in 1895, 1921, 1922), Ira Remsen (1902), and Marston T. 
Bogert (1907, 1908)— Chandler's successor at Colum- 
bia—are three archetypal academic chemists^ of this 
period, just as Willis K Whitney (1909) and William H. 
riichols (1918, 1919) exemplify newly-available careers 
in industrial research and corporate chemical enter- 
prise.ii This shift was accompanied by a general decline 
in the importance of state or federal government posi- 
tions as a route to the ACS elite, along Vi^th the long- 
term displacement of "chemist-entrepreneurs", and 
consulting chemists among ACS presidents, in favor of 
executives of chemical and other industrial corporations. 

In a situation familiar to students of social strati- 
fication, ^high elites in science are maintained by 
selective, processes of recruitment, socialization and 
allocation of resources^^ jhus it is not surprising to find 
ACS presidents linked by social ties similar to those 
found among other groups in the aristocracy of Ameri- 



' 'On the ACS and its presidents, see Hemian Skolnik & Kenneth M. 
Reese, eds., A Ccntuni of Chemistry: The Role of Chemists and the 
An}crlcan Chcmlcnl Society (American Chemical Society, Washing- 
ton, D.C, 1976) and, for individuals, Wyndham Miles, ed., American 
Chemists and Chemical Engineers (American Chemical Society, 
Washington, D.C, 1976). 

'2 See Harnet ZucKerman, SclentiPc Elite: riobel Laureates In the 
United States (Free Press, riew York 1977). esp. chapter 8. 
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FIGURE 12. Educational Backgrounds of American Chemical Society Presidents; by Decade, 1876-1981. 
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can science, such as members of the national Academy 
of Sciences or riobel laureates. The most striking case 
of such ties among a group of ACS presidents Involves 
those chemists who obtained their training during the 
department chairmanships of T. W. Richards (1914) 
and Arthur B. Lamb (1933) at Harvard, and Roger 
Adams (1935) at Illinois (Figure 14). This ' Marvard- 
lllinois axis" has accounted for approximately one 
In four ACS presidents elected since Theodqre W. 
Richard's term of office in 1914. Illinois Is even more 
Important than the figure shows, since Karl A. Folkers 
(1962) obtained his baccalaureate there and Charles C. 
Price (1965) was on the faculty In the era of Adams' 
chairmanship. 

As the example of Price suggests; many ACS presi- . 
dents were colleagues of other members of the ACS high 
elite in particular chemistry departments or Industrial 
laboratories. Por Instance, Penn's chemistry faculty in 
the late 1870s and '80s Included P. A. Qenth (1888), 
E. P. Smith (1895, 1921, 1922) and George Barker 
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(1891), while Willis R. Whitney (1909), A. A. Moyes 
(1904) and James P.' riorris (1925, 1926) were col- 
leagues at MIT In the 1890s. After Whitney's move to 
the General Electric Research Laboratory in 1900, he 
recruited Irving L^ngmuir (1929) to the-research staff. 
L. V. Redman (1932), Edward Weidlein (1937) and Leo 
Baekeland (1924) provide another example of col- 
leagueshlp ties in industrial chemistry. Redman and 
Weidlein were two of the earliest recipients of indus- 
trial fellowships at the Mellon Institute for Industrial 
Research in 1913. Weidlein remained at the Institute, 
eventually assuming the directorship, but Redman left 
In 1914 to set up Redmanol Chemical Products. This 
entrepreneurial venture in marketing phenolic resins 
soon brought Redman into competition with Baeke- 
land's General Bakelite Company, which manufactured 
similar plastics. After considerable litigation the two 
companies were merged Into the Bakelite Corporation 
In 1922. 

Micro-indicators of this kind hint at the subtle 
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FIGURE is. Institutional Locations of American Chemical Society Presidents, 1876*1981. 
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FIGURE 14. The "Harvard-Illinois Axis" 
among American Chemical 
Society Presidents. 



complexities of thie American system of industry-uni- 
versity connections. These complexities are best dis- 
played in terms of a narrative account of the develop- 
ment of that systern. 
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CHAPTER II 



THE EVOLUTION OF THE AMERICAN SYSTEM 

A. Division of Labor In a Growing 
Market 1890-1920 

1. The establishment of research universities 

The decades before World War I saw a surge In col- 
lege enrollments. Demand for undergraduate courses 
In chemistry was particularly strong. On the one hand, 
the move tojncrease the standards of the leading 
medical schools meant a new emphasis on collegiate 
pre-medlcal courses. On the other hand, American 
Industrial enterprise In basic and Inorganic chemicals 
fostered a demand for college graduates with chemical 
knowledge and skills in chemical analysis. Bachelors 
degrees conferred In chemistry rose from 630 In 1890 
to 2,570 In 1914.1 

In chemistry as In other subjects, graduate train- 
ing, faculty research and the entrenchment of depart- 
mental organization accompanied this growth. While 
total enrollment in all subjects at Harvard University 
doubled (from 2,270 to 4/120) between 1890 and 
1910, enrollment in its graduate school increased 
more than threefold (130 to 440), while the number of 
non-professional teachers and research fellows grew 
almost fourfold (110 to 420).2 Other major universities 
followed a similar pattern. University opportunities for, 
and supply of, research were thus powerfully influenced 
by demographic phenomena internal to academe. 
Chemists committed to research responded by build- 
ing programs with an emphasis on basic science, in 
accord with their German heritage. 

In the period up to 1900, che;mistry 'ivas respon- 
sible for almost 20% of all doctorates awarded in the 
United States. The subject was correspondingly impor- 
tant in defining the style of the research university. 



'Statistics taken from Bud et al.. Chemistry In America, p. 282. 
2Hcnry James, Charles W. E/foMHoughton-Mifnia Boston, 1930), 
vol 2, Appendices C and D. 
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John Hopkins, begun with a merchant's fortune In 
1876, was the recognized pioneer of this new style 
of university, corrimitted to academic excellence and 
the national and International reputation of its faculty. 
At Johns Hopkins, chemistry was the leading discipline 
In terms of Ph.Ds awarded, taking 19.5% of the total 
in the period to 1900 (see Figure 15). Ira Remsen (Ph.D 
Qottingen 1870; ACS Pres. 1902) took the opportunity 
his situation afforded; he personally trained 107 Ph.D \ 

\ ' ■ ' ■ ' 

FIGURE IS. Subjects of Doctoral 

Dissertations at Johns Hopkins 
University before 1900. 
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chemists in the years before World War I; in the same 
ern 97 of the 130 Hopkins doctors in organic chem- 
istiy (75%) went dirccUy into college teaching. In 48 
pri\''Uc and 17 state institutions Hopkins chemists 
rose to senior appointments, many as full professors 
and department chairman (9 became Deans, and 3 
college presidents). Harvard, Stanford, Cornell, and 
MIT were among the major institutions with Hopkins 
appointees while liberal arts colleges were repre- 
sented by Lafayette, Pomona, Bryn Mawr, Swarthmore, 
Antioch, Aiiiherst and Obcrlin amonq others."^ 

Tour private universities in the East (Hopkins, Yale, 
Harvard and Pennsylvania) produced over 75% of all 
doctorates in chemistry, before 1900 (see Figure 16), 
These four institutions were correspondingly impor- 
tant in setting a style of research. Bequests from mer- 
chants and industrialists were vital to the financial 
prosperity of these institutions, and to their depart- 
ments of clieniistry. I^owever, there was no direct link 
between Ph.D production and industrial needs. In- 
stead these early departments found a focus in basic 
research, and in training teachers for other schools. 



FIGURE 16, Institutions Granting Doctorates 
in Chemistry before 1900. 



(251 PhDs, 19 schools) 




PENNSYLVANIA COLUMBIA 
10.4 $.8 



Note: Top five schools are shaded. 

Numbers Indicate percentages. 
SOURCE: Bud et al.. Chemistry in America 



^On Kcrnscn (1846- 1927) see Dictionary of ScientiTic Biography 
(cited hereatter as D5B), 1975. /), 370-371. Statistics taken from 
Bud ct al„ Chemistry in America, pp. 167-170; and D. S. Tarbel!, 
Ann T. TarbcII. {*< R. M. Joyce, ' Tlie Students of Ira Remsen and Roger 
Adcitns/' Isis, 1980, 71, 620-626. Se^: also Owen Hannaway. 
■ The German Model of Chemical Education in America: Ira Remsen 
at Johns Hopkins (1870-1913)/' Ambbc. 1976, 23, 145-164. 



The industrially-relevant knowledge of the leaders of 
the first American research schools was drawn on in 
occasional consulting work, in accord with the promis- 
cuous character of American chemistry. But the main 
academic-industrial connection lay in the teaching of 
those undergraduate chemists who on graduation 
would enter directly into industrial employment. 

This early. Eastern, private model of research 
focused on the production of Ph.Ds able to pursue 
academic investigations while also teaching those less 
advanced chemists who would go into routine (mainly 
analytical) work in industry. What it did not do was to 
produce Ph,D-holding researchers qualified and prop- 
erly disposed to make their careers in industry. That 
development was pioneered in the quite different but 
characteristically American context of the land-grant 
college. 

2. The land-grant model 

Transmuting private fortunes into a jdemic and 
civic virtue was a special talent of the Elastern, private 
universities. However the pluralism of American academe 
meant that those universities enjoyed no monopoly in 
scientific life. Indeed an alternative, model— more 
closely in accord with the promiscuous reality of Amer- 
ican chemistry, if not with the academic ambitions of 
German-trained scholars— was available in the land- 
grant colleges, especially in the Midwest. That model 
was one of public service, and of close attention to the 
citizens— especially the farmers— of the state. 

For instance at the University of Illinois, Arthur 
Palmer (chairman 1893-1904) specialized in analyses 
of the purity of municipal water supplies and, in 1895, 
succeeded in having the Illinois State Legislature estab- 
lish a permanent State Water Survey, to be housed 
in the chemistry department and run by him. Palmer's 
colleague, Samuel W. Parr (ACS Pres. 1928) made his 
national reputation as an industrial chemist in this 
analytic ^'service'' tradition. He developed novel means 
for testing bituminous Illinois coal and his Parr calor- 
imeter—and the Parr Instrument Company— made 
him rich and famous.'* Utility of this kind did not go 
unnoticed and, between 1872 and 1915, the Illinois 
chemistry faculty and staff' increased from one to 62. 
In pan this increase was fed by the growth n every 
part of the university, and by the need to teach chem- 
istry to varied undergraduate audiences (total under- 
graduate enrollment in chemistry went from 70 to 
2150 over the period). But the increase was also 
accompanied by a dramatic rise in graduate study. 
Illinois awarded its first Ph.D in 1903 to W. M, Dehn 
(who joined the faculty of the University of Washlng- 



^Parr (1857-1931): DAB, 1954, 14, 252-253; Palmer (1861- 
1904): Who Was Who in America (cited hereafter as mVlV), 1942, 
/,931. 
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ton); by 1915 Illinois had 75 graduate students.^ 

Even though the university and the chemistry 
dcparttncnt had strong service orientations, the early 
Ph.Ds from Illinois tended to find employment in 
liighcr education itself. Students from Eastern institu- 
tions might command the leading academic positions, 
but there were many new and bouyantly-expanding 
Midwestern schools in which local Ph.Ds could find 
employment. Of 25 Illinois Ph.Ds from 1911-15. over 
half took academic positions.^ Despite this characteristic 
tendency of academe to feed on itself during a period 
of growth, chemists in the universities were aware of 
the growing stature and possibilities of chemical 
industry, and of the need of that industry for men with 
new sorts of chemical skills. Yet a demand that was 
present in theory did not easily materialize in practice. 
It was one thing for industry to employ the skills in 
quantitative and qualitative analysis of baccalaureate 
chemists. It was something else again to find the 
students and the employers who together would justify 
an explicit conce^.tration of Ph.D-holding chemists 
devoted to research in industrial chemistry, or applied 
chcmistr>', or the newly-invented subject of chemical 
engineering. 

3. Chemical engineering and industrial chemistry 

Courses in agricultural chemistry had long been 
familiar in nineteenth century America. Applied or indus- 
trial chemistry seemed a natural corollary, as industry 
developed. However such courses had a checkered 
career in the years before World War I, as did chem- 
ical engineering. If industrial chemistry too often 
seemed a collection of recipes, devoid of intellectual 
content, chemical engineering faced the problem that 
it was a hybrid discipline lacking unequivocal support 
from either chemists or traditional engineers. 

Illinois, for instance, inaugurated a separate depart- 
ment of applied chemistry to teach a "course in ap- 
plied chemistry with engineering subjects" in 1894, 
and thereby justified an increase from one to two pro- 
fessors of chemistry within the institution. The new 
department was returned to its home in chemistry, in 
1904. At Pennsylvania, a four year program was inaug- 
urated in the chemistry department with chemical engi- 
neering as one division, in 1893. However the engi- 
neering division did not flourish — perhaps because 
the two Pennsylvania professors with developed inter- 
ests in the Philadelphia area's extensive chemical 

\S. IV. f'arn historical Sketch of the Cnemlstry Department. " 
pp. 16-29 hi University of JUhiols. Department of Chemistry. Circular 
of Informntlon of the Departm-^nt of Chemistry: History, Equipment, 
Members of the Faculty, Stude)^ts and Announcement of Courses 
for the Year 1915-1917, Universir/ of Illinois Bulletin, 21 February 
19ia vol. 13. 

'Tor information on the Illinois chemistry department here and 
bclovv, sec P. Thomas Carroll, Perspectives on Academic Chemistry 
in America. 1876-1976: Diversification, Growth, and Change (Un- 
published Ph.D dissertation. University of Pennsylvania, 1982). 



industry both resigned from the university in favor of 
industrial and consulting careers, about this time (one 
of the two, Samuel P. Sadtler, went on to become 
founding President of the American Institute of Chem- 
ical Engineers, in 1908.^ 

It was at MIT — neither a straightforward land-grant 
university nor a straightforward private institution— 
that chemical engineering took firmest root. A cur- 
riculum, in chemical engineering was first offered in 
1888-89, and consisted of courses in applied chem- 
istry, industrial chemistry, and mechanical engineer- 
ing. During the 1890s the MIT faculty was strengthened - 
by the addition of over half-a-dozen young German- 
trained chemists, including William M. Walker, William D. 
Coolidge, Willis R. Whitney and Warren K. Lewis. The 
popularity of MIT baccalaureates in chemical engineer- 
ing grew slowly at first, but by 1916 the subject had 
far outstripped "pure" chemistry in its appeal (Table 1). 

Table 1 

Baccalaureates awarded in chemistry and chemical 
engineering at MIT by five-year periods, 1885-1934 



S.B.s. in chemical 
Years S.S.s. in chemistry engineering 



1885-1889 38 

1890-1894 50 31 

1895-1899 98 49 

1900-1904 78 51. 

1905-1909 82 65 

1910-1914 50 '-^ . 132 

1915-1919 63 187 

1920-1924 52 419 

1925-1929 81 ■ 238 

1930-1934 71 240 



SOURCE: Servos, "Industrial Relations." p. 538. 

The links between chemical theory, engineering 
knowledge and industrial practice were given further 
strength when, in 1916.LWilliam M. Walker and his 
younger colleague Warren K. Lewis established the 
School of Chemical Engineering Practice on the urging 
of Arthur D. Little. This cooperative extension program 
sent faculty and students to selected industrial plants 
for part of the year, and gave MIT chemical engineers 
access to costly facilities. The School was funded v^th 
$300,000 from George Eastman, and was a notable 
success that came to be widely emulated. Also impor- 
tant in the econorhy of academic-industrial interac- 
tions as pioneered at MIT was the Research Labora- 



"J. W. Westwater, **The Beginnings of Chemical Engineering Edu- 
cation In the USA," pp. 141-'152 In History of Chemical Engineering, 
William F. Furter, ed. (Ame; iiii^n Chemical Society, Washington, D.C., 
1980); A. riorman Hixson Alan L. Myers, "Four Score and Seven 
Yeais of Chemical Engineering at the University of Pennsylvania," 
in A Century of Chemical Engineering, edited by William F. Furter 
(Plenum Press, riew York, 1982), pp. 127-138. Sadtler (1847-1923): 
DAB, 1935, 16, 285-286. 
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tory of Applied Chemistry that Walker set up. in 1908. 
The hope was to apply scientific knowledge systemati- 
cally, and to provide contract research facilities for 
industrialists reluctant to embark on staffing their own 
laboratories. 

This willingness to be of service had its direct and 
indirect rewards. By 1921 the Research Laboratory of 
Applied Chemistry had handled almost $200,000 in 
mundane contracts of one kind and another. More 
interesting is the fact that Eastman and two other 
scions of chemical business (T. Coleman, and Pierre 5.. 
du Pont) so approved of the way the institution was 
responsive to business sensibilities that together they 
gave MIT over $11 million in building and endowment 
funds between 1911 and 1921.^ 

4. The first growth of industrial research 

The chemical and chemical process industries 
began to experiment with research in this era. Com- 
panies such as General Chemical (1900). Dow (1900). 
Du Pont (1902). Standard Oil of Indiana (1906). Good- 
year (1909). Eastman Kodak (1912). and American 
Cyanamid (1912) were among the early pioneers of 
central research and development laboratories. As 
with the German dyestuffs industry, progress was 
tentative and the future of the enterprise uncertain. 

The employment of chemists was not limited to 
chemical companies, and the case of Willis R. Whitney 
and the General Electric Company is instructive. 

On 15 December 1900 Whitney, then an assistant 
professor of chemistry at MIT. began devoting two 
days a week to research at General Electric's largest 
manufacturing works at Schenectady, new York. Mis 
employment was prompted by GE's sense that German 
inventions, and activities by their American rival West- 
inghouse. threatened GE's dominance in the electric 
lighting business. Whitney took to his work at QE and 
soon resigned his MIT position to become full-time 
director of the fledgling research laboratory (a position 
he held, with great success, until 1932). though he 
knew full well "that the company is not primarily a 
philanthropic asylum for indigent chemists." fie recruited 
an able staff, including William D. Coolidge from the 
MIT physical chemistry laboratory (in 1905) and Irving 
Langmuir who. in 1909. was disappointed in his hopes 
for the chairmanship of the chemistry department at 
Stevens Institute of Technology. 

Whitney. Coolidge and Langmuir together fore- 
Shadowed much about the course of industrial research 
in certain veiy large companies, and in the strong con- 



"This account draws heavily on John W. Servos, "The Industrial 
Relations of Science: Chemistry at MIT, 1900-1939," Isis, 1980, 71, 
531-549 which contains an extended discussion of the factors In- 
volved in the rise and decline of contract research during the period, 
Walker (1869-1934): WWW, 1942. J, 1291; Lewis (1882-1975): WWW, 
1976, a 24G; Little (1863-1935): DAB, 1944, 21, 500-501. 



nections of that research with academic work. All three 
held (German) Ph.Ds and all three had multiple aca- 
demic contacts, and prior academic careers. Coolidge's 
work on inventing and perfecting a process for making 
tungsten wire for use in incandescent lamps resulted 
in a 1913 patent that was fundamental to GE's con- 
tinued prosperity. Whitney and Langmuir in their turns 
were Presidents of the American Chemical Society 
(1909 and 1929). and Langmuir's work in surface 
chemistry led to the award of the i^obel prize in 1932.^ 
The example set by Whitney at GE was strongly to 
influence C.E.K. Mees. himself another leader in indus- 
trial research and director of the Eastman Kodak lab- 
oratory from 1912 to 1956. and also to inspire Charles 
r. Kettering. General Motors research director for a 
period of twenty-seven years. On another level it is 
interesting to note how the Harvard graduate student 
and chemist James B. Conant was to retain a lasting 
memory of a 1913 lecture by Whitney extolling the 
opportunities for scientists in industry.^o 

The eventual strong success and widespread in- 
fluence of the GE laboratory should not obscure how 
tentative was its role and its future in the early days. 
While major innovation, and associated patents, was 
one obvious goal, that goal was not reached quickly, 
easily or often. A second main line of usefulness in- 
stead emerged in minor improvements of products 
and processes, and in building an essentially defen- 
sive network of patents to ensure continuing dominance 
in traditional techniques and ma»'ket areas. 

The pattern was similar at Du Pont. In the late 
nineteenth century laboratories for routine testing and 
analysis grew and'prospered along with the company's 
new dynamite works and its older black powder facility. 
Small clusters of academically-trained chemists began 
to be employed in these laboratories in the 1890s: 
Oscar Jackson, superintendent of the Repauno dyna- 
mite works— a graduate of Harvard and a student of 
Adolph von Baeyer in Munich— was the key figure in 
this development. The plant laboratories were mainly 
occupied with routine testing, but responding to the 
problems of clients, elucidating the value of patents 
offered to Du Pont, and development work of various 
kinds also began to be important. 

In 1902 Du Pont took the formal step of differen- 
tiating chemical research from production responsi- 
bilities, and the Eastern Laboratory was inaugurated 
with ail explicitly advisory role within the company. 
However the Eastern Laboratory was close to the dyna- 
mite works, and its staff included several chemists with 



'^George Wise, **A Mew Role for Professional Scientists in Indus- 
try: Industrial Research at General Electric 1900-1916," Technology 
and CuUure, 1980. 2i. 408-429. Whitney (1868-1958): DAD, 1980, 
26, 694-695; Langmuir (1881-1957): DSB, 1973, 8. 22-25; Coolidge 
(/i873-1975): V/WW, 1976, 6, 89. 

/ »"Mees (1882-1960): DAB, 1980. 26. 441-443; Kettering (1876- 
1958): DAB, 1980, 26. 332-333. 



213 



extensive plant experience. One of them was the lab- 
oratory's Director, Charies Lee Reese (ACS Pres. 1934; 
AlChK Pres. 1924, 1925). Keese was a graduate of the 
University of Virginia, who took his Ph.D under Robert 
Bunsen at Heidelberg in 1886. Uncertain about his 
academic future, Reese left his position In the Johns 
Hopkins chemistry department in 1900, In favor of an 
industrial career. Under Reese,and in accord with tradi- 
tion,process improvements and waste product recovery 
were the two main concerns of the early Eastern Lab- 
orator)', as Du Pont management sought to rationalize 
the company. In 1903 a new Development Department 
was formed, which Included an Experiment Station. A 
further reorganization in 1911 consolidated the Experl- 
riient Station and the Eastern Laboratory Into a Chem- 
ical Department with Reese at Its head, and a staff of 
120. Process development and problems Vi^th products 
still formed the staple of this enlarged central staff, 
but attention began to turn to new products as the 
company adopted a conscious strategy of diversifica- 
tion away from explosives. Plew uses for nitrocellulose 
was one obvious concern: In 1913 97% of Du Pont's 
business was In explosives, but over one third of all 
research expenditures went to seeking new products 
in nitrocellulose chemistry. A second concern was to 
improve the products of certain existing companies 
like the artificial leather of the fabrikold Company and 
the celluloid of the Arlington Company, acquired In 1915. 

By 1917, the Importance of research and innova- 
tion to Du Pont was unarguable. In a move pregnant 
with implications for the future, Du Pont then became 
the first chemical company to recognize the Industrial 
value of advanced academic knowledge through ap- 
pointment of a Ph.D to Its Board of Directors, In the 
person of Reese. Reese of course had a German doc- 
torate—an interesting footnote on a year most often 
remembered for the outbreak of war between America 
and Germany.** | 

t 

5. The idea of contract research 

Obviously, few companies were of the size of Gen- 
eral Electric, Eastman Kodak qr Du Pont. However aca- 
demic chemists were familiar with consulting and 
industrial problems, and as the example of William H. 
Walker at MIT Indicates, some at least were anxious to 
tap industry as a source of funds and as an employer 
of their growing number of Ph.Ds. 

Another such individual was Robert K. Duncan, 
who after a mixed career in teaching and journalism 
became professor of industrial chemistry at the Uni- 



'Tor information on Du Pont, here and below, see Jeffrey L. 
Slurchio, Chemists and Industry In Modern America: Studies In the 
fllstorlcal Application of Science Indicators (Unpublished Ph.D 
dissertation. University of Pennsylvania, 1981), pp. 125-138. Reese 
( 1 862- 1940): DAB, 1958, 22, 550-551. 



verslty of Kansas In 1906. There he pioneered the Idea 
of having students undertake specific pieces of work 
paid for by companies Interested In the results. The 
first Industrial fellowship was supported by a launder- 
ing company In Boston (and led, eventually, to the 
foundation of the American Institute of Laundering). 
Duncan was able to Interest Andrew W. and Richard B. 
Mellon In his ideas. The Mellons encouraged Duncan 
to set up a department of industrial research at the 
University of Pittsburgh, In 1910. Three years later the 
department became an Institute named after the Mellon 
family, who commissioned a building and undertook 
to support the venture for five years: by 1915 the Insti- 
tute ernployed 23 fellows. Though nominally a part of 
the University of Pittsburgh, the Mellon Institute oper- 
ated In an independent way. The Institute pioneered 
many contract research procedures, notably the lim- 
ited-tenure fellowship through which a new Ph.D might 
work on a specific problem for a particular company. 
The power of this technique for harnessing academic 
knowledge to industrial concerns was soon apparent; 
by 1936 annual fellowship donations had reached 
$1M, with a total of $11M contributed over the pre- 
ceding quarter-century. And by the institute's fiftieth 
anniversary in 1963 some 229 Mellon fellows had 
gone on to management positions in industry. Includ- 
ing 16 presidents of companies,^^ 

Though the Mellon Institute was not formally lim- 
ited to chemical concerns, the majority of Its early 
fellows and cf its research problems lay in the field 
of chemistry. One especially dramatic example of the 
Institute's effect may be seen in the work of George 
Curme. 

Curme, one of four Ph.D graduates of the Univer- 
sity of Chicago in 1913, undertook postdoctoral work 
in Germany. He considered his prospects of finding 
academic employment to be bleak and. In 1914, ac- 
cepted the Prestolite fellowship at the Mellon Institute. 
His initial task was to find a cheaper source of acetylene 
than calcium carbide (Prestolite made the lamps for 
bicycles and cars). The train of research thus initiated 
led to the discovery that by using organic liquids in 
J exothermic reactions he could produce not only ace- 
tylene but ethylene. By 1920 he was convinced of the 
possibility that, starting Vk^th petroleum. It would be 
possible to create an organic chemical Industry of 
almost unlimited proportions, based on ethylene, ace- 
tylene and their by-products. His sponsor— by now 
combined as the Union Carbide and Carbon Corpora- 



'^Duncan (1868-1914): DAB, 1930, 5, 511-512. For a sketch 
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tion— agreed, and over the next three decades Curme 
played a primary role in the development of petroche- 
micals, including the manufacture of such products as 
bottled gas (propane) for domestic use, Prestone anti- 
freeze, and synthetic rubber. Me was eventually to 
become vice-president for research of the Union Car- 
bide Company (1951).^^ 

Equally striking was the work of L. V. Redman (ACS 
Pres. 1932) vyho accepted one of the original industrial 
fellowships under Duncan at Kansas in 1910. Redman 
transferred to the Mellon Institute in 1913, continuing 
his work on phenol-aldehyde condensation resins of 
the type recently d-.scovered by Leo Baekeland (ACS 
Pres. 1924; AlChE Pres. 1912). The hope of Redman's 
sponsors was a superior furniture polish. However, by 
the time of its 1922 merger with Baekeland's com- 
peting company, the Redmanol Chemical Products 
Company was already producing a wide range of 
phenolic resins with uses in such things as aircraft 
propellors and automobile ignition systems. Redman 
became Director of Research for the Bakelite Corpora- 
tion, and presided over the rapid early growth of the 
plastic industry.^* 

The Mellon Institute exemplifies a developing pat- 
tern: it relied on the vision of an academic entre- 
preneur familiar with industrial problems; it profited 
from the philanthropy of a family whose fortune came 
from chemically-linked endeavors; it had loose but 
real connections with an academic institution; and its 
members saw no great barriers between academic 
knowledge and manufacturing concerns* or between 
careers in industry and activity in learned societies: 

These last characteristics were also true of Arthur 
. D. Little (ACS Pres. 1912, 1913; AlChE Pres. 1919), who 
studied chemistry at MIT in the early 1880s, but who 
did not stay to graduate. Instead, Little went to work 
in the paper-pulping industry, took out patents, and 
prospered as a consulting chemist. In 1900 he formed 
a partnership with William f1. Walker of MIT. Walker 
withdrew in 1905 because the demands on his time 
were too great. However Little continued to prosper 
(and began to be an influential adviser at MIT). By 
1909, "Arthur D. Little Inc., Chemists, Engineers, and 
Managers" was a thriving organization undertaking re- 
search on contracts for profit. Extensive new buildings, 
with well-equipped laboratories and library were opened 
in 1917. Little's experience, his enthusiasm and his 
entrepreneurial genius prompted many other develop- 
ments in industrial research, and a variety of links 
between academe and industry. For instance. Walker's 
Research Laboratory of Applied Chemistry at MIT owed 
much to Little's example and advice, as did the forma- 
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tion of the first central laboratory at the General 
Motors Corporation.^^ 

The successes of Little's organization and of the 
Mellon Institute prompted numerous imitators. In 
1916, for example, the University of Washington orga- 
nized a Bureau of Industrial Research to which the 
industries of that state were encouraged to bring their 
problems. In the following year the University of Okla- 
homa established a special Industrial Research De- 
partment concerned with oil, gas and gasoline, and in 
1918 Julius Stieglitz (ACS Pres. 1917) at the University 
of Chicago "invited industrial fellowships the expenses 
of which were to be met by manufacturing companies", 
while promising chemical courses shaped to bring 
about closer cooperation between scientists and busi- 
nessmen.^^ 

6. Individual philanthropy and basic research 

As the examples of the Mellons, the Du Fonts and 
George Eastman suggest, creators and inheritors of 
the giant fortunes that were coming into being on the 
basis of such chemically-oriented industries as oil 
(Rockefeller), steel (Carnegie), explosives (Du Pont) 
and photography (Eastman) were not slow to endorse • 
scientific research on a wide and inclusive basis. 

Such endorsement might take the form of buildings 
or capital resources for a particular style of activity (the 
Mellon Institute) or for a particular academic institu- 
tion (MIT). It also encompassed the endowment of 
whole institutes devoted to basic research outside the 
traditional university setting (the Carnegie Institution), 
and a slow groping toward the idea of operating foun- 
dations willing to fund particular programs of research 
in diverse institutions (Rockefeller).^^ 

On the eve of American entry into World War a 
certain division of labor was thus apparent within a 
confused and tentative situation. Universities and col- 
leges were educating increasing numbers of chemists, 
and developing strengths in pure research. A growing 
trickle of Ph.Ds was finding its way into industrial 
research. Most of that research— whether conducted 
within the companies or subcontracted to the Mellon 
Institute, the MIT Research Laboratory of Applied 
Chemistry, or similar organizations— was aimed at 
immediate problems, and funded on a lowly level. 
Where massive philanthropy existed— as with the Du 
Fonts or Andrew Mellon or John D. Rockefeller — it 
strongly influenced academic behavior, but its aims 



•^Williams Haynes, ed., American Chemical Industry, vol. 6 (Van 
Mostrand, Mew York, 1949), p. 250. See also Haynes, "Arthur D. 
Little," pp. 1192-1201 \n Great Chemists, Cduard Farber, ed. (Inter- " 
science. Mew York/London, 196!). 

Haynes, American Chemical Industry, vol. 3 (1945), pp. 392- 
394. On stieglitz (1867-1937): DA3, 1958, 22, 630-631. 

'^On foundations in general see Eduard cTtind^man, Wealth 
and Culture ( Ha rcourt Brace and Co., Mew York. 1936); and Robert 
H. Bremner, American Philanthropy (University of Chicago Pre&s, 
Chicago, 1960), chapters 7-10. 



ERLC 



222 



215 



were broadly cultural rather than narrowly economic. 
However universities and industry were already closely 
linked on many levels from the employment of bac- 
calaureate students to the practice of industrial con- 
sulting by professors; and from the work of businessmen 
as trustees and benefactors of academic institutions 
to the existence of Important common ground be- 
tween academe and industry In the American Chem- 
ical Society, the American Institute of Chemical Engi- 
neers and other comparable organizations. 

B. Consolidating the System, 1920-1940 

World War I was sometimes called "the chemists 
war." In the United States the Chemical Warfare Sewce 
was the result of an extraordinary mobilization. Its 
ranks included many talented individuals who were 
later to serve together In other common causes- 
individuals like Roger Adams, James B. Conant Arthur 
D. Little and Warren K. Lewis. 

The war affected American chemistry and chemi- 
cal industry in various ways. It made vivid the inde- 
pendence of American universities from German aca- 
demic domination, that was already apparent by 1910. 
It created contexts in which academics and Industrialists 
forged new personal relationships as they worked on 
common problems. It made explicit .and urgent the 
need to replace the German sources of many indus- 
trial and fine chemicals. More than that the subse- 
quent defeat of Germany, and the seizure of German 
patents, opened the way to an effloresence of dom- 
estic chemical manufacturers, under an appropriate 
tariff policy.^^ 

Chemical Industry and academic chemistry both 
boomed in the Coolidge years. The further growth of 
higher education led to the development and routini- 
zation of many of those pattems of academic-industrial 
interaction that were already apparent In 1915. Indus- 
trial research laboratories grew in number, scale and 
success; new, Independent research Institutes came 
into existence; arid foundation and company support 
of academic research became familiar and widespread. 
The years of the Depression took the edge off some 
of these developments. At the same time Depression 
realities fostered the desire of leading chemical spokes- 
men to rationalize and Improve the system, and to fill 
in some "missing pieces." Though federal and state 
governments were becoming important as partners In 
the evolving system, academic and industrial leaders 
were agreed on seeing them as junior partners whose 
role It was to serve corporate interests, for the public 
good. If the aim was to consolidate a national system. 
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it was also agreed that the system properly belonged 
under private control. 

1. Independent research institutes 

In the period between the wars the Mellon Insti- 
tute became wholly independent. Under its own board 
of trustees It continued its focu.s on individual fellow- 
ships and on contract research in chemistry. Even In 
the difficult year of 1933 it had some 85 fellows at 
work. Chemistry' was also a continuing mainstay of the 
Arthur D. Little organization, where much attention^ was 
devoted to the new field of petrochemicals. Twenty- 
seven research chemists and seven analytical chem- 
ists formed the core of its endeavors in 1933.^^ The 
links of Little's enterprise to MIT were further strength- 
ened by his will (1935) which stipulated that the profits 
frpm a controlling interest in Arthur D. Little Inc. were 
to'go to niT, where he had been a Member of the Corpora- 
tion for over twenty years. 

The Mellon and Little institutions were both In 
older industrial areas, as was the Battelle Memorial 
Institute, founded in 1929 as a memorial to the heir 
of the Columbus Iron and Steel Works in OhiOi An en- 
dowment of almost $4M was devoted to "education in 
connection, with the encouragement of creative and 
research work, and the making of discoveries and 
inventions in connection with the metallurgy of coal, 
iron, steel; zinc and their allied industries. " These terms 
show how common was the acceptance of an equation 
between education, research, and industrial progress. 
In practice the Battelle Memorial Institute pioneered 
contracts for research on short-term problems, that 
research being undertaken by staff teams assembled 
from requisite disciplines, among which chemistry and 
metallurgy were the most prominent. Another research 
institute of this kind was the Armour Research founda- 
tion of Chicago, founded in 1936 by several faculty 
members of Chicago's Armour (later, Illinois) Institute 
of Technology.2o Also of interest is the Institute of 
Paper Chemistry, which was organized in 1929 In close 
association with Lawrence College in Appleton, Wis- 
consin. Support came from graduated dues levied on 
"member companies^ to support a small faculty com- 
mitted to interdisciplinary research and to the teach- 
ing of students already possessed of a bachelors degree 
In chemistry or chemical engineering.^^ 
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2. Industrial research laboratories as a genre 

Durina tlic Uvcnllcs both the number of compa- 
nies rm^lntalning ♦-{^search laboratories and the num- 
ber of people employed In Industrial research tripled. 
The Increase in industrial researchers is dramatic 
when considered against the 28 per cent increase in 
all persons employed in U.S. manufacturing between 
1 92 I and the onset of the Depression. The rate of 
grovvth of Industrial research laboratories slowed dur- 
ing the early 1930s, but the number of research work- 
ers still doubled during each of the next two' decades. 
Among those engaged in industrial research, chemists 
were the predominant group durin'^ the Interwar years. 
As Table 2 also shows, one of every three persons in 
Industrial research In 1921 was a chemist. By the late 
1920s, as a variety of industries jumped on the re- 
search bandwagon, the proportion of chemists dropped 
slightly, to one in four. But chemists maintained their 
central position throughout the 1930s and 1940s. 

By the late 1920s over half of the industrial lab- 
oratories reporting to the national Research Council 
were located In the chemical process Industries. Be- 
tween* 1927 and . 1938 the proportion of all research 
personnel employed In this group increased from 41.0 
to 52.2 per cent. Within the chemical process Indus- 
tries, companies in chemicals and allied products, 
petroleum, primary metals, and rubber employed the 
largest research staffs, accounting for nearly 85 per 
cent of the research workers in the group by the late 
1930s. The chemicals and allied products industry 
had more researchers than any other Industry In the 
late 1920s and 1930s, employing one in five research 
workers (see Table 3). figures 17 and 18 present 
detailed employment Information for three compo- 
nents of the chemical process industries— industrial 
chemicals (the largest subgroup of chemicals and 
allied products), petroleum, atid rubber. These figures 



reveal the expanding opportunities for chemists and 
other scientists. 

In Industrial chemicals and rubber, research was 
directed mainly toward the improvement of manufac- 
turing processes and the exploration of new applications 
for products. In petroleum, breakthroughs In catalytic 
cracking and polymerization technology, along with 
early movement into the field of synthetic organic 
chemicals, help to explain the growth in the 1920s and 
1930s of both the number of laboratories and the 
number of researchers in the industry. Research work- 
ers in the petroleum industry increased from a few 
hundred in the 1920s to more than 5,000 in 1938, 
accounting for one In nine industrial research person- 
nel and placing the industry second only to chemicals 
and allied products in the extent of its research activity.22 

Much of the growth after the late 1920s can be 
attributed to the expansion of existing laboratories, 
especially In industrial chemicals, for example, between 
1928 and 1938 the number of research workers em- 
ployed at Dow Chemical increased from about 100 to 
more than 500; at Du Pont, from about 850 to oVer 
2,500 persons. Once again, the particular case of Du 
Pont reveals the shifting 'style of industrial research as 
a genre, away from an occasional concern with product 
innovation toward a strategy of fundamental research 
as a deliberately-employed weapon (though testing 
and development work remained central to the chem- 
ist's role in the research laboratory, as throughout 
Industry). 

By the early 1920s, Du Pont was producing pyralin 
plastics, paints and related chemicals, fabrlkoid, and 
dyestufFs in addition to its traditional array of military, 
industrial, and sporting explosives. Coordination of 
activity In industries as diverse as heavy chemicals, 

"bud ct al.. Chemistry in America, pp. 130- 133. 



Table 2 

Industrial Research Personnel, by Selected Field, 1921-1950 



year 



Corporate units 
surveyed 



Research personnel 



Chemists 



Total 



Physicists 



Engineers 



SOURCE: Bud et al., Chemistry in America. 



Number 



As percentage 
of total 







(2) 


(31 


[4] 


(5) 


(61 


1921 


568 


11.500 


150 


1.898 


3.830 


33.3 


1927 


926 


18,982 


437 


3,018 


5.163 


27.2 


1931 


1.520 


. 32.830 


■ 689 


6.993 


8,470 


25.8 


1933 


1.462 


27.567 


. 414 


5,541 


7,526 


27.3 


1938 


1,722 


44,292 


1,550 


10,276 


12.623 


28.5 


1940 




70,033 


2.031 


14.9^7 


15.687 


22.4 


1946 




133,515 


2,660 


20,6o7 


21,095 


15.8 


1950 


2,795 


165,032 


2.969 


35.601 


23,159 


14.0 
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FIGURE 17. Number of Companies Maintaining 
Researcli Laboratories in Selected 
Industriai Groups, 1920-1938. 
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FIGURE 18. Research Personnel in Selected 
Industrial Groups, 1920-1938. 

NUMBER OF RESEARCHERS 
(thousands) 
6 



Legend: 

Industrial Chemicals < 

Petroleum and 
Petroleum Products ^ 

Rubber Products ' 




1940 



SOURCE: Bud ot al.. Chemistry In America 



SOURCE: Bud et al.. Chemistry In America 



organic dyestufTs, and paiwts proved difficult. In 192 1 a 
decentralized, multi-divisional structure v/as adopted 
(a solution that has since come to characterize the 
modern business corporation). Research organization 
was remodelled accordingly, with each division having 
its own technical staff concerned with short and long- 
run problems related to the division's product line. A 
new Central Chemical Department coordinated the 
growing number of research laboratories, control lab- 
oratories, and technical services to manufacturing 
plants, while also undertaking work on subjects not 
connected with existing Du Pont products and processes. 

In 1927 the Central Chemical Department alone 
had a staff of 850 people and a budget of $2.2M. It 
was at this juncture that its new head, C.MA Stine 
(AlChC Pres. 1947), successfully argued that ''applied 
research is facing a shortage of its principal raw mater- 
ials" in new ideas. Du Pont had already pioneered the 
marketing of rayon (1920), Duco lacquers (1923), syn- 
thetic ammonia (1924) and cellophane (1927). How- 
ever the policy of capitalizing on the technology acquired 
from other companies or inventors seemed too lim- 
ited: Du Pont should perform its own fundamental 
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investigations in colloids, catalysis, and synthetic 
organic chemistry. Stine backed up his case by refer- 
ence to the examples of German chemical industry, 
and the General Electric Company. His request was 
granted, with a subvention of $20,000 for 1927 to 
undertake the deliberate search for new scientific 
facts. The idea of fundamental research as an indus- 
trial strategy was thus blessed, belatedly. Its future was 
secured when, within a decade, the brilliant work of 
W. H. Carothers and his associates gave rise to neo- 
prene and nylon. By 1940 the fundamental research 
program at Du Pont accounted for nearly one third of 
the Central Chemical Department's research budget, 
and employed 152 people. That number was barely 
5% of the total of "research workers " employed by the 
company. However, those 152 people formed a crucial 
link between a vastly expanded industrial enterprise 
and its basis in an equally transformed academe.^^ 



-^^Sturchio, Chemists and Industry in Modern America, pp. 138- 
145. Stine (1882-1954): DAIS, 1977, 25, 662-663; Oirothers ( 1 896- 
1937): DAB, 1958, 22, 96-97. 



Table 3 

mstribution of Research Personnel in the Chemical Process Industries, 1927 and 1938 



Companies 



Employees 



1927 



Induslrlai group 



1938 



1927 



1938 



Food and kindre^ products . . 
Paper and alliedlproducts ... 
Chemical and allied products 
Petroleum and its products . . 

Rubber products!'^ 

Stone, clay, and Iglass 

products 1; 

Primary metals . .Ij. 



Total, chemical prpcess 
industries .... . } •. . . . , 
Total, all industries^ 



Number 


As . 
percentage 
of total 


Number 


As 

percentage 
of total 


! 

1 Number 


As 

percentage 
of total 


Number 


As 

percentage 
of total 


{1\ 


(2) 


(3) 


■Kl 


\ (5) 


(61 


{7\ 


[8\ 


62 


6:7 


108 


6.3 


' 401 


2.1 


1.424 


3.2 


28 


3.0 


57 


3.3 


271 


1.4 


752 


1.7 


231 


24.9 


395 


22.9 


3,463 


18.2 


9,542 


21.5 


28 


3.0 


53 - 


3.1 


i 788 


4.2 


5.033 


11.4 


20 


2.2 


35 


2.0 


1,115 


5.9 


2.250 


5.1 


45 


"4.9 


99 


5.7 


527 


2.8 


1,404 


3.2 


97 


10.5 


144 


8.4 


1»222 


6.4 


2.728 


6.2 


511 


55,2 


891 


51.7 


' 7,787 


41,0 


23,133 


52.2 


926 


100,0 


1,722 


100.0 ■, 


18.982 


100.0 


44,292 


100.0 
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A differetit but equally vital, link lay with the 
chemical englne^lfrs. The Du Pont company did not 
hire its first chetiiJcai engineering graduate until 1920. 
in 1929 a chemjcal engineering group was added to 
the fundamental ^research program. That group flour- 
ished as it focui^bd on the improvement of the ^ unit 
operations" of cnemica! industry, and as it pioneered 
in retaining as consultants professors from a number 
of leading univefeities. Contacts and individual careers 
in chemical engineering also vividly exemplified the 
developing two|vay street between fundamental chem- 
ical i^icnce arid industrial production, and between 
academic employment and commercial careers. Among 
. the chCjtiiical ehgineers who later moved from the com- 
pany toj^cademe were Allen P. Coulborn (to the Uni- 
versity o^elg,ware, 1939), Thomas B. Drew (Columbia, 
1941), Jamc^ O. Maloney (Kansas, 1946) and W. Robert 
Marshall (Wisconsin, 1947).2^ 

3. Corporate and institutionalized philanthropy 

If the emergence of fundamental research inside 
large corporations was one trend of the twenties and 
thirties, efforts by corporations to nourish funda- 
mental research inside the universities was another. 
Almost by definition that effort was never sufficient to 
the demands and opportunities of academic research. 
ButJt was real, serious, and sustained. The effort de- 
pended on many different individuate, corporations. 



*Wancc Senccal, "Du Pont and Chemical Engineering in 
the Twcntictfi Century," in Turter, history of Chemical r.nglneerlng, 
pp, 283-301. 



foundations and institutions and—like so much else 
in the relations between the universities and indus- 
try—it awaits its historian. Here it is only possible to 
cast episodic light on Uie rich network of graduate 
scholarships, faculty consultantships, research grants, 
equipment awards, and other incentives by which aca- 
demic—industrial linkages were developed and sus- 
tained, and research and innovation fostered. 

Nost important in their long-run implications were 
the growing number of fellowships for graduate stu- 
dents. Tor instance the Du Pont Company inaugurated 
Jn 1918 a cluster of 18 fellowships and 33 scholar- 
ships at selected universities thrdughout the country, 
in line with its new stress on research and innovation. 
Other companies undertook similar efforts and chem- 
istry was by no means the only subject favored. By 
1928 it seems that a minimum of 95 fellowships and 
scholarships w^re supported by at least 56 com- 
panies. The vafjiety of chemically-linked endeavors 
may b^ seen from some information for 1934. In that 
year the John Hqpkms Chemistry Department enjoyed 
$1,000 fellowships 'Tor the study of chemistry" from 
the Carbide andjCarbon Chemicals Corp. (Mew York), 
the Cuhady Packing Co. (Chicago), the General Motors 
Corp. (Detroit), E|i Lilly and Co. (Indianapolis), Westing- 
house Electric and Manufacturing Co. (Pittsburgh) and 
U.S. Industrial Alpohol Co., William K Warner and Co. 
Inc., and John Wiley and Sons inc. (all of riew York). 
By 1940— despite the Depression— a national total of 
at least 721 awards in all subjects were underwrittert 
by 200 companies. In chemistry, the California Instil 
tute of Technology had 8 fellowships, while MIT had 
13, and various land-grant universities even more (llli 
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nois, 15; Michigan, 10; Ohio State. 24; Perin State, 12; 
Wisconsin, 9).^^ / 

Harder to trace, yet equally important, was the 
growing practice in companies of donating specialized 
pieces of research equipment to particular universities 
and departments, or to individual professors for their 
research. On occasion such corporate philanthropy 
might be extended by an individualy^businessman, in 
donating a whole building to house a new or extended 
department of chemistry or chemical engineering. As 
early as 1917 C. W. and P. Q. Gates, two lumber oper- 
ators, financed the Gates Chemical Laboratory at the 
California Institute of Technology, while a decade later 
William Henry Nichols, Chairmai^i of the Board of Allied 
Chemical and Dye Corporation, gave $3/4M for the 
nichols Building for Chemistry at Fiew York Univer^ 
sity.-^» Such examples could be multiplied. 

Scholarships, buildings and equipment given to 
educational institutions underlined the growing belief 
that "the industry of producing the chemist is the 
most fundamental industry of all."^? Another mecha- 
nism that was of great use in acquainting industrial 
researchers with acadernic findings, in making aca- 
demics sensitive to indus.trial problems, and in chan- 
nelling recruits to selected companies, was the indus- 
trial consultantship. Thus the Standard Oil Company 
of riew Jersey dc^:ided to form "a thoroughly organized 
and competent research department" in 1919. To 
advise and assist in this venture. Standard Oil called 
not only on Ira Remsein of Johns Hopkins, but on War- 
ren K. Lewis of MIT and Robert A. Millikan of the Cali- 
fornia Institute of Technology. The services of these 
consultants— and ^especially of Lewis— were to prove 
invaluable, when the company became urgently inter- 
ested in coal hydrogenation in 1927, as part of a 
synthetic fuel program to meet a feared petroleum 
shortage. Robert P. Russell, assistant professor of 
chemical engineering at MIT, became manager of the 
necessary research laboratory and Yecruited a staff 
composed largely of young MIT faculty members and 
graduate students/'^s 

* If consultantships represented one way in which 
faculty gave of their skills to industrial concerns, posi- 



'•^P. Thonins Carroll, industrial Tcllowships and Scholarships 
for Aciidcniic Kcscarch in American Chemistry and Chemical Engi- 
neering, Selected Years, 1920-1940," (Unpublished paper. Depart- 
ment ol history' and Sociology of Science, University of Pennsylvania, 
June. 1977), 

^"Robert U. Kargon, Temple to Science: Cooperative Research 
iuu\ the fSirth of the California Institute of Technology," Historical 
Studies in the. rhysicai Sciences, 1977, 8, 3-31; 'The nichols Build- 
ing for Chemistry. The Formal Opening, December Third, nineteen 
twenty-seven, at University Heights in the City of new York" (new York 
University, new York. n.d.). 

^7M, T. Bogert in 1915 quoted in liaynes, American ChemiCfii 
Industry, vol. 3, p. 394. 

-'"Udwcird J, Qornowski, The History of Chemical Engineering at 
Ivxxon," in Purter, historif of Chemicai Engineering, pp 303-31 1. 
Quote appears on page 307. 



tions as trustees of academic institutions were a mode 
in which leading industrialists could bring their knowl- 
edge and concems to bear on academic life. More subtle 
but no less pervasive was the influence brought into 
play by those industrially-related foundations which 
came to dispense philanthropy on a previously un- 
dreamt of scale in the 1920s and 1930s. The various 
Rockefeller-related charities derived their assets from 
the booming of the oil industry, ancl the Rockefeller 
Foundatidn powerfully affected th? development of sci- 
entiTic— especially medical— rei^earch in the United 
States, in the period up to 1940. As master strategist 
of Rockefeller programs in the natural sciences. War- 
ren Weaver institutionalized a pattern of project grants 
for specific pieces of research by leading academic 
scientists that was to be widely imitated in the fifties 
and sixties; he was also the catalyst for that funda- 
mental research in biochemistry and molecular bio- 
logy which was to underlie the subsequent exfoliation 
of genetic engineering. In keeping with widening Amer- 
ican awareness, the Rockefeller-sponsored International 
Education Board vigorously promoted foreign scholars 
and institutions (as, for instance, in the 1927 grant of 
$131,455 for constructing and equipping of J. ?i. Br0n- 
sted's Institute of Fhyr>ical Chemistry, in Copenhagen).^^ 
The steel fortune of Andrew Carnegie was the 
other dominant force in the philanthropic support of 
scientific research, principally through the vehicle of 
the, Carnegie Institution of Washington, D.C. Another 
far more modest research institute was the Bartol Re- 
search Foundation, inaugurated in 1924 at the Frank- 
lin Institute of Philadelphia. This institute derived its 
endowment of nearly $1M from the sugar refining ven- 
tures of George E. Bartdl.^° Quite different in style, but 
more immediately powerful in its effects, was the 
Chemical Foundation established in 1919 to admin- 
ister the licensing of seized Qernlan chemical patents, 
and to distribute the proceeds so as to advance chem- 
istry in America. This foundation favored populariza- 
tions and publicity, but it also provided needed funds 
for a multiplicity of academic projects from the Journal 
of Chemical Education to Wilder D. Bancroft's Journal 
of Physical Chemistry (which by 1931 received no less 
than $17,000 a year). In the years from 1919 to 1938 
the Chemical Foundation distributed over $8M, of 



^'*On Rockefeller programs in the natural sciences, see Robert E. 
Kohler, The Management of Science: The Experience of Warren 
Weaver and the Rockefeller Toundation Programme in Molecular 
EMology, ' Ninenm, 1976, 14, 279-306; and Raymond 15. TosdicK The 
Storij of the Hockefeilc.r roundation (Harper & Bros., Hew York, 
1952), chapters 12-13. Among the International Education ^ard's 
projects in chenvstry described in George W. Gray, EducatioiV,on an 
InternMioniU Scaie (Marcourt, Brace tk Co., Flew York 194U, is an 
appropriation of $35,000 made to the American Chemical Society 
for the publication of the second "decennial index of Chemical 
; Abstracts (pp. 32-34). See also Ernest Victor Mollis, rhllanthroplc 
roundatlons and Nlcihcr education (Columbia University Prcsi Flew 
York, 1938). 

^"Lesher, Independent Hesearch Institutes, p. 73. 
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wfiicfi almost three quarters went to educational and 
rcscarcfi activities.^' Altogether, it has been estimated. 
100 philanthropic foundations contributed over $22M 
to higher education in the natural sciences in the 
decade from 1921 to 1930, with the great bulk (c$20M) 
going to academic research.^^ 

4. The. academic use of industrial opportunity 

The uses to which the developing academic-indus- 
trial system could be put scand out most sharply in the 
career-patterns of certain individuals. Outstanding 
among them was Roger Adams, who by 1940 had be- 
come the leading organic chemist in the United States, 
had built th,e University of Illinois Chemistry Depart- 
ment into the world's greatest producer of Ph.Ds in any 
discipline and had forged an unrivalled network of con- 
nections in industry.^^ His life exemplifies the shrewd 
use of industrial opportunity, without compromising 
academic tradition. 

Roger Adams (ACS Pres. 1935) majored in chem- 
istry and took his Ph.D at Harvard (1912) before spend- 
ing a year in German laboratories. In 1913 he returned 
to Harvard to teach elementary organic chemistry (a- 
position in which he was succeeded by J. B. Conant) 
and in 1916 he moved to the University of Illinois as 
an assistant professor. At Illinois he quickly found an 
unusual "industrial" opportunity. World War 1 had led 
to an embargo on German goods, and American uni- 
versities and fine chemical users faced immediate, 
serious shortages of numerous organic chemicals 
traditionally imported from Germany. Adams turned 
an Illinois summer course in "organic preps" into 
"Organic Chemical Manufactures"— a year round activity 
producing some fifty or so rare organic chemicals for 
lllitiois and other universities, and for industrial con- 
cerns, while incidentally providing financial support 
for graduate students. The chief corporate buyer of the 
organic chemicals produced was Eastman Kodak. Ini- 
tially, the university provided a fund of $5,000 to cover 
the start up expenses of what proved to be a highly 
successful if modest venture, and one that still en- 
dured three decades later. 

Organic Chemical Manufactures had many utili- 
ties. It provided good contacts for Adams and made 
him visible in the industrial world. It gave his students 
practical experience in scaling up laboratory processes 

''John W. Servos, "A Disciplinary Program That Failed: Wilder D. 
Kcincroft and Hu* Journal of Physical Chemistry, 1896-1933, " Isis, 
1982, 73, 207-232; Williams Haynes and Edward L. Qordy, eds., 
ChrmicnUtuliistrifs CorUrltnUion to the nation: / 635- / 935 (Chem- 
iail Narl^cts, Mew York, 1935), pp. 139-143; SkolnlK and Reese, A 
Crntiay of Chemistry, pp. 17, 264-265. Bancroft ( 1867-1953): DAB, 
1977, 25. 35-37. 

"^^Lindeman, Wealth and Culture, pp. 72-83. 

''An excellent biograpliy of Adams (1889-1971) is now avail- 
able: O. Stanley Tarbell and Ann Tracy Tarbell, Roger Adams: 5c/- 
v.iUist f.nd Statesman (American Chemical Society, Washington, D.C, 
1982). 
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to industrial quantities. It led to the creation of two 
serials. Organic Syntheses and Organic Reactions, 
which Adams edited. And it gave hiVn exposure to crea- 
tive administrative arrangements borrowed from the 
business world; the two serials, for instance, were each 
owned by private corporations which sold stock to 
patrons. Adams' key aide in creating Organic Chem- 
ical Manufactures was E. H. Volwilen(ACS Pres. 1950), 
his. first Ph.D (1918). In a portent of things to come, 
Volwiler took employment with a bUrgeoning Illinois 
drug company, Abbott Laboratories, Where Adams was 
already (1917) a highly-valued consultant; eventually 
Volwiler became Chairman of the Bdard, and Adams' 
long association with the company cjulminated in his 
own election to the Board (1953). I 

rrom 1918 to 1926 Adams published 73 scien- 
tific papers and trained 45 Ph.Ds, s^kting the style of 
a lifetime of creative endeavor. Between 1918 and 
1958 he trained 184 Ph.Ds m all. Whereas only 8% of 
Ira Remsen's students at Johns Hopkins had gone 
directly into industry, 65% of Adarns' students did so. 
Half of this latter group attained^ position of director 
of research or equivalent and 1/4 eventually became 
members of higher management. Pre-eminent as a 
chemist was Wallace Carothers/(Ph.D 1924) who went 
first to Harvard, then to Du Fot^t in 1928 to participate 
in their new venture into fundamental research, note- 
worthy among Adams' pre-World War 11 students were 
G. D. Graves (Ph.D 1923) who also had distinguished 
career with- Du Pont, E. E./Dreyer (Ph.D 1924; even- 
tually Vice-President for R^earch, Colgate, Palmplive, 
Peet Co.), C. r. Rassweiler iPh.D 1924; eventually vice- 
chairman, Johns Manvili.i^ Co., ACS Pres. 1958), Wil- 
liam H. Lycan (Ph.D 1929; eventually with Johnson & 
Johnson as vice-Chairman, J&J International), W. E. 
Hanford (Ph.D 1935;'eventually vice-President, Olin 
Corp.), E. E. Gruber i?h.D 1937; eventually vice-Presi- 
dent, General Tire &t Rubber Co.), and T. L. Cairns (Ph.D 
1939, eventually Director, Central Research & Develop- 
ment Dept., Du Pont). 

Adams himself was convinced that "graduate 
study is becoming more and more essential as the 
industries learn to recognize the potentialities of men 
with this training." In 1941 he emphasized that "the 
constant fiow of new applications of chemistry into 
almost every industry and the enormous increase in 
the number of important chemical discoveries in 
recent years have brought about a rapid development 
of chemistry and chemical engineering in the Llnitcd 
States." The Illinois department— which embraced 
both chemistry and chemical engineering— exempli- 
fied that rapid development. In 1940 it had 38 faculty 
members and graduated 46 Ph.Ds, 30 of whom took 
positions in industries ranging from pharmaceuticals 
to photography, and from steel to textiles. Through 
his Ph.Ds Adams nourished a network of links with 
industrialists and industrial concerns, while he him- 
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self demonstrated by his actions the potentialities of 
"men with this trainincj. " He consulted, on a regular 
Ijcjsis lor A. Stalcy Co., M. W. Kellogg Co.. Coca Cola. 
Abbott Laboratories, Johnson and Johnson, and Du 
Pont. Indeed he was Instrumental in helping shape Du 
Po!it*s effort in basic research, both through his advice 
a!Ul through his supply not only of outstanding leaders 
(Carothers, Cairns) but also of rank-and-file rese .irchers 
(for example, in 1940 alone, 3 of his Ph.Ds went to 
'Du Pont).^^ 

If, on Adams* definition the dutj' and one of the 
primary responsibilities of the university was to train 
chemists for industr>', then industry too had its obli- 
gations. One small but important one was to assist 
in the supply of necessary apparatus and chemicals 
to the university as when, in 1925, T. W. Willard, the 
Assistant Superintendent of Development at the Western 
□ectric Company, had 50 gallons of castor oil distillate 
shipped to the Illinois department "without charge as 
it is intended for student instruction." More important, 
indeed central, was industry's role in providing grants 
for fundamental research, and in supporting students. 
Adams' success in persuading industrial companies to 
support graduate work is strikingly displayed in his 
Department's roster for 1940: aside from 14 post- 
doctoral fellows supported by Du Pont the Rockefeller 
Foundation and the national Research Council, among 
others, some 28 graduate students enjoyed support 
from Industrial sources that included the Continental 
Oil Company, Rohm and Haas, and the national Lime 
Association. 

Roger Adams at Illinois found a harmonious way 
of combining the growing interdependence of aca- 
demic research and chemical manufacturing in the 
1920s ?nd 1930s. Other institutions were not neces- 
sarily as convinced of the virtues of such interdepend- 
ence, nor as imaginative in grappling with problems 
that, inevitably arose when academic and industrial 
interests found themselves in competition rather than 
cooperation. 

At MIT, a conflict developed between William H. 
Walker with his Research Laboratory of Applied Chem- 
Jstr>' (RLAC), and A. A. noyes (ACS Pres. 1904) whose 
own more fundamental Research Laborator>' of Phys- 
ical Chemistry was much less successful in attracting 
financial support Walker, Arthur D. Little and Warren K. 
Lewis pioneered in developing a chemical engineer- 
ing curriculum ("unit operations the School of Chem- 
ical Engineering Practice) well suited to the practical 
demands of chemical industry, 9nd MIT baccalaureates 
in chemical engineering rose from 132 in the period 
of 1910-1914 to 240 in the Depression years of 1930- 
1934. Chemical research was correspondingly closely 

''^University of Illinois. Department of Chetnlstrij (UmvcrsUy of 
Illinois rress. (Jtbann, 194 1 K pp. 10-20, 160-161. Quote iippeiirs on 



tied to the programs and funding of the RLAC, and its 
search for narrow answers to specific questions (the 
leakage from oil barrels, for Vacuum Oil Co.; better 
greaseproof paper, for the Papercan Corp.). When fun- 
damental research was undertaken, sponsors some- 
times refused to allow the publication of results (as 
when the Humble Oil Company vetoed publication of 
work on methods for vacuum distillation of lubricating 
oils). The practical success of chemical engineers and 
applied research militated against attention to funda- 
mental chemistry: baccalaureates granted in chemis- 
try in 1930-1934 (71) were less than granted in 1900- 
1904 (78). Leading workers in basic science found MIT 
unattractive— A. A. nbyes' own migration to Caltech is 
indicative. Only when the Depression years brought a 
dramatic decrease in the funding of RLAC ($171,000 in 
1926-27, $55,000 in 1931-32) was MIT able to re-chart 
its course toward emphasizing fundamental research 
once again, in a way attractive to the best academic 
minds.^^ ' ' 

If MIT invested heavily in direct industrial links in 
the 1920s, the California Institute of Technology took 
O^/zthe opposite road, emphasizing' cooperative research" 
on problems of fundamental scientific importance that 
crossed disciplinary lines. A, A. noyes was attracted 
from MIT to Caltech in part by the existence of the 
new Gates Chemical Laboratory, one of several lab- 
oratories built for the Institute by wealthy Californians. 
In the 1920s and 30s noyes, George Ellery Hale and 
R. A. Millikan built up the resources and prestige of 
Caltech by emphasizing cooperative research, and by 
drawing on a troika of patrons: the large, private 
foundations (Carnegie, Rockefeller), local Los Angeles 
and Pasadena wealth (Gates, Bridge, Robinson), and 
private industry. The student body was kept small and 
the Institute emphasized graduate work and a clear 
focus on research, noyes was thus able to nourish a 
preeminent school of research in physical chemistry 
with students and collaborators like G. n, Lewis, K C. 
Tolman, W. D. Coolidge, L. A. Kraus, and Linus Pauling.^ 
The experiences of Illinois, MIT and Caltech sug- 
gest something of the vitality and diversity of the sys- 
tem of academic-industrial contacts that ha * emerged 
by the 1920s. The California Institute of Technology 
was supreme in the art of translating private, indus- 
trially-derived wealth (Carnegie, Rockefeller, and Cali- 
fornia locals) into the culturally-applauded triumphs of 
abstract research. In contrast Roger Adams found a 
more direct harmonious modus oiuendi between 
academic ambition and industrial needs, while the 

^^■^SerVos] 'Industriiit Kelntions," pp. 556 549. Pioyes (1866- 
1956): DSli. 1974, 10, 156-157. 

^<'John \V. Servos. The Knowledge Corporation: A. A. Hoyes and 
Chemistry at Cal-Tech. 1915-1930," /Am6/x 1976; 25. 175-186; 
Linus Pauling, Tidy Years of Physical Chemistry In the Uilifornia 
Institute of Technology/' Annual Review of f'hysical Chemistry. 
1965, 16. M4; Kargon. 'Temple to Science." 
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experiences of MIT served to underline just how difTi- 
cult was the sort of balancing act that Adams appar- 
ently pcrforniccJ with case. 

Where Adams, rioyes. Male and their peers at other 
institutions were in close agreement was in the shared 
belief that developments in science required a new set 
of national agencies to coordinate and facilitate the 
growing venture. However it was to be a national enter- 
prise firmly under private control. As R. A. Millikan put 
it as early as 1922: "One of the most dangerous ten- 
dencies which confronts America today is the appar- 
ently growing tendency of her people to get into the 
habit of calling upon the state to meet all their wants. 
The genius of the Anglo-Saxon race has in the past lain 
in the development of individual initiative.^^ 

5. national enterprise and private control 

The experience of World War I fostered a height- 
ened sense of national awareness in the scientific 
community. Chemists were especially active. Shared 
experience in the Chemical Warfare Service drew lead- 
ing young men together, as did the industrial need to 
manufacture on an emergency basis many chemicals 
previously imported from Germany. Of particular im- 
portance in laying the basis for future scientific co- 
operation was the national Research Council (riRC), 
which was jointly supported during the war by private 
foundations, industry and the federal govemmenL With 
the war ended the need for government involvement 
was over but the desire lived on for private mechanisms 
to harness national enterprise. The Carnegie Corpora- 
tion appropriated $1.45M for a permanent building for 
the riRC, in Washington, and $3.55M for an endowment 
fund. By 1938 an additional $1.45M had been granted 
for the Council's operations. 

In practice the \^RC was largely composed of uni- 
versity professors, and its primary thrust was support 
of research in the natural sciences. Over the period 
1919-38 the Council administered $4.02M in fellow- 
ships, and an equal amount in research grants in 
physics, chemistry, mathematics, and tpiological and 
natural sciences.. About three-quarters of this money 
catne from Carnegie and RockefeUer fundfe, with the 
balance equally divided between other foundations 
and industrial sources.'Once again private, industrially- 
derived monies were u sed as a major support of funda- 
mental research. The distinction hovyever was that the 
funds were under national direction, and distributed 
on a national basis by mechanisms of peer review. 

The jewel in the riRCs crown was its system of 
national Research rellowships. These fellowships— 
financed by $4.8M from the Rockefeller Foundation 
during the years of their existence, from 1919 to 
1951— began with the broad purpose of promoting 
"fundamental researcli in physics and chemistry in 



^^Quotcd in Kargon, ' Temple to Science/' p. 15. 



educational institutions" through the support for one 
or two yc^ars of postdoctoral fellows "who have already 
demonstrated a high order of ability in research/' A. A. 
noyes. Wilder D. Bancroft, and Roger Adams were 
among those inHuential in directing the award of fel- 
lowships in chemistry. Their aim was unabashedly 
elitist— the use of private funds, on a national basis, 
to support extraordinary talent and to build a world- 
reputation for American science. The fellows (between 
20 and 88 a year in all sciences, in the era 1920-40, 
with 1931 as the peak year) tended to cluster at certain 
favored institutions— the chemists at Berkeley, Har- 
vard, and Caltech— thus reinforcing the values the 
scheme's sponsors wished to promoters 

The nRC also created an Industrial Advisory Com- 
mission, including George Eastman, Andrew W. Mellon, 
and Pierre S. du Pont, which, it was hoped, would solicit 
funds from industry for the support of academic re- 
search in a way that would reinforce the sclieme of 
national Research rellowships. However the Commis- 
sion was not a success. Undeterred, George Ellery Hale 
set to work in the early 19i20s to create a national 
Research Fund, based on the conviction that \!vithout 
pure science the whole system of industrial progress 
would dry up. That belief was endorsed by the trustees 
of the proposed fund, including its secretary, Herbert 
Hoover, Their aim was to raise $20N from industry for . 
the support of research, to be distributed in grants 
modelled after the system of national Research Fellow- 
ships. The campaign began in earnest in 1926,. but 
the pledges never amounted to the $20N hoped for 
and, with the onset of the Depression, the whole 
scheme collapsed.^^ 

The ambition for a national Research Fund financed 
by industry reveals how strong was the sense of the 
need for national enterprise transcending the desires 
of particular individuals and institutions, an'd the 
sense of the possibilities and appropriatenes^ of in- 
dustrial support of academic science. The fai]wre of 
that ambition in turn underlines the limitations of 
industrial patronage, in this same era of the 1920s 
and 30s MIT was finding that individual cor^ipanies 
preferred research that Was specifically harnessed to 
their own concerns (better grease-proof paper)'and 
that if the research possessed an industry-vyide utility 
(vacuum distillation techniques for lubricating oils), 
the sponsoring company had no wish to s^e publica- 
tion of results, and destruction of its cbmpetitive 
advantage. To put it differently, no sponsoring com- ' 
pany wished to finance those * externalitie^s of benefit " 
which would accrue to its competitors/through the 



^«ror an informal history of the fellovshipsVsce Myron J. Rand, 
The national Research rellowships/' Scientific Monthly, 1951 73 
71-80. \ / . 

^'^See l^nce E. Davis and Daniel J. Kevlds, ' The national Re- 
search fund: A Case Study in the Industrial/Support of Academic 
Science/' Minerva, 1974; 12, 207-220. 
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open publication of research for which it had paid. This 
fact of economic life meant that industrial leaders 
might applaud the idea of a national Research Fund 
and agree that science was the mother of invention, 
but they were unwilling to commit the resources of 
their individual firms to an activity that would not yield 
. them exclusive or privileged benefit. Support of par- 
ticular academic institutions for reasons of sentiment 
via endowment or recurrent gifts from private individ- 
uals (Eastman, Du Pont Plichols, etc) was one thing. 
Commitment of company money to a national Research 
Fund was something else. For it did not promise any 
exclusive or special privilege of the kind that could be 
gained through direct support of individual universi- 
ties and departments, through, say, fellowships with 
their promise of a competitive edge in recruitment. 
The problem of externalities of benefit set one sharp 
limit on the extent and char;?rter of industrial monies 
for academic research. 

If a voluntary national Research Fund could only 
fully work when all firms contributed in some propor- 
tionate way, such a voluntary fund was not the only way 
of raising the necessary funds on a national basis, 
national fund raising was of course well entrenched 
even in the 1920s, via the taxing power of the federal 
government. And, already in the 1920s, and 1930s, the 
government was funding basic research in a number 
of areas, and thereby allowing Industrial and commer- 
cial firms at work in those areas a means of intemalizing 
the externalities of benefit. Those areas of government 
interest, and the whole idea of federal funding of 
research, took on a new saliency in the 1930s as the 
Depression sharply limited all but the m.ost essential 
corporate expenditures, and "new Dealers" experi- 
mented with remedies for what seemed to be glaring 
defects in the American way of doing business. 

The Department of Agriculture for one, had a long 
tradition of supporting scientific research— its budget 
for this activity already stood at $11.2M in 1929. By 
1939 that figure had increased to nearly $20M and, 
thanks to the Bankhead-Jones Act of 1935, $4M of that 
sum was for the first time spe Ifically allocated to basic 
research. One aim of that r ^aearch was to find new 
industrial (chemical) uses '^r surplus farm products— 
a program also vigorcaisl} art^cd by the Farm Chemurgic 
Council, which ir.duded luminaries, like Roger Adams. 
In 1938 the Dcr..^r- ment of Agriculture also began to 
extablish region^.! i ^search laboratories.'^o 

More contentious was the effort to establish basic 
research within the national Bureau of Standards. 
Between 1935 and 1941 its Director. Lyman J. Briggs, 
pressed the argument that there was 'an essential 
place in Government for basic research in physics and 
chemistry in order to provMe the foundations for new 

*"CarrolI W. Purscll, Jr., " The Administration of Science in the 
Department of Agriculture, 1933-1940." Agricultural History, 1968, 
42, 251-240. 
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•industries." The sort of research Briggs had in mind 
lay between the fundamental research undertaken in 
the universities and the applied research carried out 
by industries seeking answers to their immediate 
problems. The research 'must be quite fundamental 
in character" but have "some distant practical objec- 
tive", and the national Bureau of Standards was its 
proper home. Briggs' plan drew on the earlier "Recov- 
ery Plan of Science Progress" presented in 1933 by 
Roosevelt's Science Advisory Board. That plan— never 
implemented— proposed that the federal government 
spend $16M over six years "in support of research 
in the natural sciences and their applications." The 
funds were to be assigned as far as possible to univer- 
sity laboratories, through a special committee of the 
national Research Council: national enterprise under 
private control, once again. 

Briggs proposed an annual Congressional appro- 
priation that would grow to $5M after five years, with 
half to be spent in the Bureau of Standards, and half 
dispersed through contracts. The Bankhead-Jones Act 
offered an encouraging precedent, and the failure of 
the national Research Fund indicated the need for 
/action by the government However Briggs was unable 
to win Congressional support for his ideas, in part 
because of infighting between the Bureau of Standards 
and other agencies that felt their interests threatened 
by his proposal (Agriculture, Labo»). Also troubling 
were questions as to how political control and, the 
desire for geographical equity might influence che dis- 
tribution of contracts, and why such research should 
not be supported by a fresh, direct tax on the indus- 
tries that would benefit. The Agriculture Secretary, 
Henry A. Wallace, might announce in 1936 that "today 
one of the major functions of government" was to sup- 
port basic research "wherevef it may lead, for the ulti- 
mate good of all the people." However in tlie 1930s 
that belief seemed rather to threaten traditional Amer- 
ican values and an academic-industrial system with 
many triumphs to its credit than to point to new worlds 
of opportunity. It was only through the experience of v 
VVorld War II that those opportunities were plainly 
revealed.*^ 

C. The Influence of War 

1. World War I and the return to normalcy 

the First World War had a profound effect on the 
nation's science. The 1914 award of the nobel prize to 
Harvard scientist Theodore W. Richards— the first nobel 
award to an American chemist— was one early indicator 
of the changing position of America in relation to Euro- 

*»CarrolI W. Purscll, Jr., "A Preface to Government Support of 
Research and Development: Research Legislation and the (National 
Bur< an of Standards, 1935-41," Technologif and Culture, 1968, 9, 
145' 164. Quotes appear on pages 145 and 148. 
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pean research.-*^ xh^e war laid waste to areas of Europe, 
bled her resources, and delivered damaging blows 
from which Germany, her leading scientific nation, was 
never fully to recover. In contrast American involve- 
ment in the war was distant and comparatively brief. 
Mobilization of the nation's scientists and especially 
its chemists was more of an adventure than a sus- 
tained enterprise with profound results or compelling 
practical implications. Recruitment of chemists under 
military auspices in 1918, to man the Chemical War- 
fare Service, worked surprisingly well. The govern- 
ment's own emergency program to build nitrogen fixa- 
tion plants also set an interesting precedent. The 
nitrogen program cost $107M and delivered only one 
plant operating on an experimental basis, when the 
Armistice intervened. However the program hinted at 
what might be achieved if scientific knowledge, indus- 
trial skills and government money were to be applied 
to difficult but technically feasible problems.-^^ 

It was to take a far longer war, in which American 
interests were more obviously at stake and scientific 
knowledge was a more familiar key, before the union 
of science, industry and government would take hold 
on a lasting basis. Instead the scientific legacy of World 
War I lay with those individuals who were newly aware 
of the national character of their work, and newly con- 
vinced that American science in the twentieth century 
was destined to take on the world leadership that had 
lain in Europe for over three hundred years. The national 
Research Council was the most obvious symbol of this 
awareness. The riRC advocated national enterprise 
under private coiitrol, in keeping .with the common 
desire for "normalcy ' which foilovy/ed . the experience 
of World War I. The federal role was seeti as properly 
one of very modest support in certain areas (notably, 
agriculture) and coordination rather than direction of 
private initiatives (as in the national Advisory Com- 
mittee for Aeronautics, founded in 1915 and con- 
tinued in peacetime). In the 1920s and 30s the I^RC 
reinforced rather than disturbed the belief that the 
American system of academic-industrial relations, and 
indeed the health of the whole of 'American science, 
was a question best left in private Ijands. At the same 
time the HRC fostered that sense of national commu- 
nity v;hich provided the basis for massive, rapid, and 
efficient government direction of academic and indus- 
trial aspects of science when the outbreak of World 
War il rendered such direction a matter of overriding 

national importance. i 

i 

2. Science and government in World War II 

World War II brought about a fusion of academic 
research, industrial production, and govemment finance 



>M<ichards (1868 1928): D5/5, 1975, IJ, 416-418< 
>^5kohiik 6e Kccsc, A Century of Chemistry, pp. 146-147. 



on a hitherto unprecedented scale. The atomic bomb, 
radar, napalm, and buna-S rubber were some of the 
more obvious outcomes. It turned out that the ends 
fully justified the means, but those means were initially 
regarded with surprise. J. B. Conant recorded how- 
recalling his 1918 work in the Chemical Warfare Ser- 
vice— "I had imagined, as war drew near, that many 
of my scientific friends and perhaps, I myself would 
once again put on a uniform.""^^ Instead, in June 1940, 
under the leadership of Vannevar Bush, a convinced 
Republican and president of the Carnegie Institution 
of Washington, a national Defense Research Commit- 
tee (nORC) was formed by President Roosevelt.-^^ And— 
in a way symbolic of the previous era— the Commit- 
tee's first and for many months sole salaried staff 
member (its executive secretary) was financed by the 
Carnegie Corporation. 

Conant well summarized one view of the realities 
that the nDRC came to express: 

rorgetting (if one can) the contribution of the MDRC 
to the winning of the war, it is clear that the creation 
of the committee marked the beginning of a revolu- 
tion. The mode of the committee's operation. . .has . 
had a transforming effect on the relation of the uni- 
versities to the federal government. The pattern set 
has made the postwar world of American science 
entirely different from that of the prewar years. The 
essence of the revolution was the shift in 1940 from 
expanding research in government laboratories, to 
private enterprise and the use of federal money to 
support work in universities and scientific institutes 
through contractual agreements. 

Bush insisted from the start that, rather than building 
and staffing government laboratories, the nORC wonid 
"write contracts with universities, research institutes 
and industrial laboratories. ' In this way the theme of 
dispersed, privately controlled activity was carried over 
from the prewar era. In some ways the noRC fulfilled 
the functions of the hoped-for national Research Fund 
of the 1920s, or of the 1935 "Recovery Plan of Science 
Progress." In other ways it built on Bush's, experience 
as a member of the national Advisory Corhmittee for 
Aeronautics. But the size and scale of the problems 
confronted by the nORC and the speed with v^/hich It 
pushed toward solutions, were wholly without precedent 
The inner core of the nORC consisted of a physi- 
cist (Karl Compton, MIT President), a chemist (Conant, 
Harvard President), and anVengineer (frank Jewett, 
Director of the Bell Telephone Laboratories, nAS Pres- 
ident), together with Bush and Dr. Richard Tolm-an of 



**James B. Conant, My Scuerai Lives: Memoirs of a Social 
hwentor (Harper fitf Row, hew York, 1970), p. 236. Conant (1893- 
1978): WWW, 1981, 7, 121. 

**5ome of Bush's personal views may be found in his 
memoirs, entitled Pieces of the Action (William Morrow fitf Co., hew 
York, 1970). Bush (1890-1974): WWW, 1976, 6, 63. 
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Caltech.'»*> Conant himself had charge of the Chemical 
Division— Division B (Bombs. Fuels. Gases. Chemical 
l^roblcms). He found it quite natural to enlist as his 
lirst two collcayucs in supervising the work of the 
Division, Warren K.' Lewis and Roger Adams. They in 
turn recruited scores of their inHuential colleagues 
and students in key institutions.^? The result was that 
over the years from 1940 to 1945. hundreds and thou- 
sands of chemists, chemical engineers and other sci- 
entists became intimately familiar with the idea of 
research in universities and independent institutes 
being funded by tfie government, and of priorities in 
research being set by those most scientifically equipped 
to judge the outcome. TheTIDRC was joined in July 
1941 by a Committee on Medical Research (CMR). 
riDKC and CMR together formed a new Office of Scien- 
tine Research and Development (OSRD). charged not 
only with necessary research but also with the develop- 
ment of new weapons. The result was a vast increase 
in the scale of activity, and in the number and inten- 
sity of contacts between academics and industrialists. 

In the period to June 1945 OSRD was responsible 
for over seven hundred contracts with non-industrial 
organizations, ranging from 75 contracts with a value 
of $ 11 6M channelled through MIT and 48 contracts for 
$83M at Caltech to 9 contracts ($1.1M) at the Univer- 
sity of new Mexico and 15 contracts ($1.1M) at Battelle 
Memorial Institutive The CMR wing of the organiza- 
tion alone wrote contracts for $2.3M of chemical 
research in universities and other institutions, as part 
of the overall V25^ it committed between 1941 and 
1947. And CMR could point with pride to the results 
of its wartime work— in the development and wide use 
of penicillin, sulfonamides, gamma globulin, adrenal 
steroids and cortisone, among other drugs and tech- 
niques.''-* 

Tfie success of the Manhattan Project, of work on 
the production of synthetic rubber, of the development 
of new drugs, and of a host of lesser schemes made 
plain for all to see that science was an essential key 
botli to national defense and to economic prosperity 
in tiie modern state. The question faced in 1945. and 



^' CoMcifit, Nij Several Lives, pp. 234-238; Carroll Pursell, "Sci- 
ence AcjcMcics in World War II; tlie OSRD and its Challengers" in Mathan 
Hcin(;okl cel.. The Sciences In the American Context: new Perspec- 
tives (Smithsonian Institution Press, Washington, D.C 1979) pp 359- 
378. 
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^•^Janics Phinncy Baxter 3rd, Scientists Against Time (Little, 
Broivn Co.. Boston, 1946), p. 456. See also Irvin Stewart Organlz- 
hifi S< ientlfl(: Research for War: The Administrative history of the 
Office of Scientific Research and Development (Little, Brown 6c Co., 
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^ 'Stephen P. Strickland, rolltlcs. Science, and Dread Disease: A 
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argued out explicitly before Congress and elsewhere in 
theperiod up to 1950. was to define the proper modes 
by which the state might secure its interests in these 
areas, giyen the realities of America's pluralistic sys- 
tem of academic-industrial relations. The answers 
were not arrived at easily, nor did they command com- 
plete consensus. However those answers were built 
out of wartime experience with the funding of research 
by government, and they were answers that under- 
wrote a new era of unparalleled intellectual achieve- 
ment in the basic sciences. 

/ 

3. The new social contract 

Just as Vannevar Bush was central to OSRD. and 
shaped its style, so he set out a widely-infiuential pro- 
gram for postwar research in his Science— the Endless 
Frontier,^ The elitist style of OSRD had already aroused 
Congressional criticism when, in the fall of 1942, Sen- 
ator Harley M. Kilgore introduced a 'Technology I^obil- 
ization Bill." The critics wanted several disparate 
things— a fairer deal for small business and the lone 
inventor, and a more professional "Office of Technolog- 
ical Mobilization" to curb the alleged waste of scien- 
tific manpower and the unhealthy concentration of 
research and development contracts, together with the 
"giveaway" of patents to private companies. By the 
summer of 1943 Senator Kilgore was focusing on an 
Office of Scientific and Technological Mobilization 
(OSTM) which would coordinate the scientific and 
technical agencies of the federal government. The 
intention was. inter alia, for OSTM to finance through 
grants and loans scientific and technical education 
and the advancement of pure and applied research. 
Kilgon : believed that the prevailing system of academic- 
industrial relations had reduced much university re- 
search to "the status of handmaiden for corporate or 
industrial research, and has resulted in corporate con- 
trol of many of our schools.''^^ 

In contrast, the i^ational Association of Manufac- 
turers saw Kilgore's ideas as an attempt to "socialize" 
all of science in the United States. The Army and Fiavy 
also greatly disliked the idea of a civilian-dominated 
agency being in control of the development of military 
technology. Most scientists also disliked the Kilgore 
bill, though few went as far as Frank Jewett. president 
of the National Academy of Sciences, who claimed that 
scientists were unalterably opposed "to being made 



^"Vannevar Bush, Sclence^The Endless Frontier (Government 
Printing omce, Washington, D.C, 1945). The paragraphs that follow 
draw heavily on Daniel J. Kevles, 'The national Science foundation 
and the Debate over Postwar Research Policy, 1942-1945/' fsls, 
1977, 68, 5-26. See also J. Merton England, A Patron for Pure Sci- 
ence, The ?iatlonal Science Foundation's Formative Years, 1945-57. 
(national Sdence Foundation, Washington, D.C. 1982), Strickland, 
rolltlcs. Science, .md Dread Disease, and Skolnik 6c Reese, A Cen- 
tury of Chemistry, pp. 149-150. 

^^Quoted in Kevles, 'The national Science foundation." p. 10. 
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the Intellectual slaves of the state" and considered 
federal aid to academic research a threat to the free- 
dom of science. What most scientists rather feared 
was, in the words of J. B. Conant coordinating agen- 
icies with dictatorial powers. . .a peacetime scientific 
I general stafT.''^^ As events were to prove, they had far 
less objection to federal funding itself. 

Late in 1943 Vannevar Bush wote to Wlgore. set- 
ting out his own ideas about postwar \ieeds— heeds 
centered on coordinating rather than controlling the 
federal agencies concerned v/ith science; on having a 
scicntlllc advisory system in the federal government 
but one staffed by the best—and hence most disinter- 
ested—scientists rather than by representatives of labor, 
small business or consumers; and on federal support 
for academic research and training, to advance the 
work of the intellectually most talented. The new bill 
for a national Science Foundation that Mlgore drafted 
ciuly in 1944 conceded much ground to Bush. and 
other critics. However there was still one fundamental 
disagreement— Wlgore wanted a foundation respon- 
sive to lay control and directly interested in research 
that would advance the general welfare; Bush and his 
allies wanted an agency run by scientists mainly for the 
purpose of advancing science, for they believed that 
such an agency would best seive the public good as 
talented and disinterested individuals created new 
knowledge available to .all. It was in this context and 
with a deliberate eye to its political utilities, that on 20 
novembcr 1944 President Roosevelt released a letter 
drafted by Bush which invited the latter's ideas on the 
peacetime Implications of OSRD. Bush responded by 
commissioning carefully constructed task forces of sci- 
entists and industrialists, and with his own tract on Scl- 
cn(C'-Th<^ Endless Frontier which was published to 
widespread applause in July 1945. By then. Bush and 
his friends were deeply convinced that federal support 
of basic research was a necessity, that universities 
were the proper home of that research, that a founda- 
tion Insulated from geographic and populist pressures 
was the appropriate agent of federal largesse, and that 
peer review mechanisms would support the pursuit of 
academic excellence. 

In practice, political contention meant that it was 
not until May 1950 that the National Science Founda- 
tion became a reality. By then, quite separate initia- 
tives had split off both medical and military research, 
which were to be sponsored and pursued by other 
federaPagencies. Theiimmediate postwar period of 
confusion about proper peacetime practices thus gave 
rise to a pluralism in the federal means of support of 
academic research which nicely matched the pluralism 
of private patronage. By the early 1950s academic 
scientists were able to seek support from an array of 



federal agencies— including Agriculture, Commerce, 
Defense, and the Atomic Energy Commission— as well 
as from the national Science Foundation and the 
national Institutes of Health. This pluralism was soon 
combined with Cold-War demands for scientific strength, 
consumerist wishes for better health, and baby-boom 
desires for improved educational facilities. The result 
was an escalation of federal support for science in a 
way not foreseen by even the most farsighted visionary 
in 1940. The result was also to downgrade the impor- 
tance of industrial support of academic worK even as 
that support continued to grow in absolute amount 
and in the variety of its forms. 

The change in scale and in priorities may be seen 
by contrasting the state of affairs in the late 1950s 
with that of 1930. In 1930, the national budget from 
all sources for scientific research and development of 
all kinds was roughly $166M. Industry provided 70 per- 
cent of the funds, while the federal government under- 
wrote only 15 percent Ten years later, industry still 
provided two thirds of the money. The government 
share had increased slightly to one-fifth, but the total 
was still only about $345M. Wartime mobilization 
changed this radically, as government research ex-' 
penditures climbed to $720M in 1944. By the late 
1950s, U.S. expenditures on research and develop- 
ment reached ten billion dollars (over twenty times 
greater than prewar levels, in constant dollars) and 
government supplied two thirds of the money." 

A change of such magnitude was equivalent to the 
ratification of a new social contract for basic science. 
That contract still involved academics, industrialists 
and the federal government But all parties were now 
. agreed that government (through taxation) was the 
major internalizer of the externalities of benefit" 
deriving from basic research. And it was to be the 
direct defense- and education-reiated needs of govern- 
ment which would dominate the contract for almost 
three decades after World War 11. 

D. The Era of Growing federal Support, 1950-1965 

1. The expansion of academe 

It was anticipated that following World War 11, 
there would be a short-lived surge in undergraduate 
enrollments as those who had deferred attendance 
sought necessary credentials for civilian, peacetime 
careers. Thanks to the Q.l. Bill, the surge duly occurred. 
However what had not been anticipated was the way in 
which postwar prosperity would encourage marriage 
and with it the childbearing that had also been defer- 
red from the Depression years. A rising birthrate (with 
peaks of 3,817,000 births in 1947 and 4,208,000 in 
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1957) brought with it a heightened demand for teach- 
ers—Initially on the nursery and elementary levels but 
from the late 1950s, on the high school and college 
levels too. 

Dcriiand for tccichcrs (that is. college graduates) 
Implied an Increased need of those who in their turn 
would teach the teachers. Ph.Ds in the sciences and 
In engineering subjects we're among those required to 
staff the e.\panding universities, and in a familiar proc- 
ess, the academic expension on this more advanced 
level also fed on itself in the years of postwar pros- 
perity. The national Defense Education Act that fol- 
lowed the 1957 launching of the Soviet SputnZ/c was 
but one of the many mechanisms by which college and 
graduate school were made more accessible to thou- 
saiids of students, and the supply of Ph.D.s boosted 
to meet an escalating demand. At the same time, the 
expansion of high technology industries and the needs 
of the Cold War increased still further the demand for 
scientists and engineers. Doctorates granted in chem- 
istry had averaged under 500 a year in the late 1920s: 
by 1960 the figure was L062 and rising strongly.^^ 

The 1950s and early 1960s were years of relatively 
untroubled expansion for the nation's research univer- 
sities. With both new Ph.Ds and senior professors 
being keenly competed for by rival academic institu- 
tions, the research ethos was emphasized heaxily. It 
was not only that many of the best scientists valued 
fundamental research more highly than anything else. 
It was also that, because of the peer review system and 
the growth of federal support, individual scientists 
brought funds and overhead with' them if they moved 
from institution to institution. Buying scientific 'stars " • 
might help rather than hurt a university's budget while 
also serving to enhance the institution's reputation. 

2. nsr, niM and basic research 

The change in the scale, and the modes of tinanc- 
Ihg, of university work between 1940 and the mid- 
sixties was nothing short of extraordinary. While the 
total educational and general income of colleges and 
universities trebled between 1940 and 1950, the fed- 
eral contribution multiplied more than thirteenfold 
(from $39M to $524M). By 1950, government on all 
levels (and principally the federal government) was 
estimated to be meeting 60 percent of the total cost of 
higher education, and far surpassing private philan- 
thropy or industrial giving as a source of support. 

In the 1950s and early 60s federal support for 
research grew rapidly. One estimate suggests that total 
federal support for basic research increased from 
$20 IM in 1956 to $1,782M in 1964. In the latter year, 
federal funds for basic research in chemistry were esti- 
mated at $100M. By way of contrast the u;ho/e chem- 



liiKl cl ill.. ChcnUstrif in Americu, p. 289. 



ical industry of the United States was estimated to 
be spending only $110-$115M ofiits own money on 
basic research that y^ear (though industry itself also 
obtained at least 25°/J'of the funds that the federal gov- 
ernment committed to chemical research). 

it seems that, of the $100M the federal govern- 
ment spent on basic research in chemistry, about half 
went to universities, principally in research grants 
distributed by the system of peer review. The pluralism 
of the system, and the variety of federal agencies in- 
volved, may be seen from Table 4. That table shows 
how, in 1964, nine federal agencies each contributed 
$1M or more to basic research in university chemistry, 
with the Piationlal Institutes of Health and the Fiational 
Science Poundation providing more than $10M each. 
In contrast, the universities themselves contributed a 
maximum of $8.3M to chemical research, while private 
foundations provided $4.7M, and industrial support of 
basic chemical research on campus amounted to 
$2.5M, just 5% of the federal total.^s 

The rapid growth of federal support helped to 
underwrite a major fiowering of chemical research in 
which, by 1960, the United States was the dominating 
world power. It also fed two contradictory moods. On 
the one hand, certain observers understood chat an 
era of such rapid growth must have its terminus. On 
the other hand, scientists engaged in academic work 
saw mainly the need for still further funds to exploit 
ramifying opportunities. 

Early in 1965, Harvey Brooks pointed out that **as 
a fraction of the gross national product, research and 



Table 4 



Sources of Explicit Research Funds (in millions), 1964 



Federal Agencies 




University 


S 8.3 


NIH 


S13.8 


Industry 




NSF 


11.3 


[Hidden Support) ... 


$ 2.3 
0.2 


AEC off-site 


" 9.4 


AEC on-site 


3.5 






AFOSR 


3.5 


Total 


S 2.5 


NASA 


1.8 






ARO (D) 


2.0 


Other 




ONR 


1.4 






ARPA 


1.0 


PRF.r. 


$ 1.9 


other 


1.6 


other foundations . , . 


2.4 


Overhead .... 


0.9 


other 




(Hidden Support) 


2,1 . 


(Hidden Support) 


0.3 
0.1 


Total 


S51.3 


Total 






Grand Total 


$ 4.7 
$66.8 



SOURCE; Adapted from Table f1. Chemistry: 
Opportunities and Needs, p. 21 7. 



-"^-•^Frank H. Wcstheimer, cd.. Chemistry: Opportunities and 
heeds: A Report on Basic Research in U.S. Chemistry (National 
Academy of Scicnrcs-Mational Research Council, Washington, D.C., 
1965). See pp. 164, 217, etc. 
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development activities are nearly three times what they 
were duririg the peak of effort toward the end of World 
War 11. . ./ederal expenditures ha ve been doub ling in 
about six years. It is obvious to ask whether there is 
any natural or logical limit to this trend. It is hard to 
see what if is, or should be. . r However, "the slowed 
growth of federal funds for general science, the kind on 
which most graduate students are trained" ("little sci- 
ence") Wv^s coming into collision with "rapidly rising 
aspirations and expectations on the part of universi- 
ties. . .Typically, institutions plan to expand faculty by 
50 percent, and graduate students by 30 percent. . .in 
the next five years. '^^ 

The riRC Committee on Science and Public Policy, 
ergroup composed of leading university professors 
with one lone representative from industry, concurred 
in the belief that the federal government was the 
patron who should meet the growing needs of "little 
science." Its 1965 "Westheimer report" on Chemistry: 
Opportunities and needs pointed out that only 33.2% 
of grant requests in chemistry were fully or partly 
funded by nsr in 1963, and argued that "the careers of 
young Investigators are stifled for lack of funds." The 
Committee felt that "chemistry. . .has outgrown its 
resources." Looking back over 10 years of extraordi- 
nary growth in federal support with a compounded 
annual growth rate of 16%, the report concluded: "the 
Committee feels strongly that even a 16 percent rate 
of increase will prove inadequate to achieve the proper 
growth of U S chem^str>^"^7 

The sentiments of the Westheimer report provide 
an interesting indicator of academic hopes in 1965, if 
not of political realities in a nation beginning to face 
campus unrest and about to confront the strains of the 
Vietnam War. The report also indicates the changed 
position of industrial support of academic research, 
for that support was simply not a matter that the com- 
mittee pursued in any detail. 

3. Industrial' research 

In the 1950s and 60s the chemical process Indus: 
tries continued to play a major role in the still-growing 
employment of industrial chemists. Within the chem- 
ical process industries, the chemicals and allied products 
group became increasingly important: the proportion 
of a// industrial chemists employed in the latter group 
increased from one-third to one-half in the years from 
1950 to 1970. Chemicals and allied products accounted 
for 52 percent of the growth in industrial employment 
of chemists over the twenty-year period, and for 81 per- 
cent of the increase in chemists employed in the chem- 
ical process industries (see Table 5). 



•^••Ilarv'cy Brooks, '•Effects of Current Trends on the Support of 
Kesearcli, " in Effects of Current Trends on the Support of Research, 
^national Kcscarch Council Washington. D.C. 1965), p. 4. 

'^'Chemistry: Opportunities and needs, pp. 185, 188. 



The growing importance of chemists within the 
- chemicals and allied products group is confirmed 
by an examination of total employment in the indus- 
try. Chemists constituted a growing fraction of a grow- 
ing labor force, increasing from about 208 per ten / 
thousand employees in 1950 to over 480 in the mid- / 
1960s. This Indicator displays in microcosm the in-/ 
creasing importance of chemical skills and knowledge 
within the industrial economy and hints^at the steadily 
growing importance of all varieties of industrial re- 
search. Another indicator that points to the same phe- 
nomenon is company funds committed to research 
and development activitj' In 1957, firms in chemical 
and allied products spent $616M; by 1964 the figure 
was $1,082M.58 

Whereas industrial employers in the Depression 
years had found it comparatively straightforward to 
recruit able PhD chemists, they faced a changed com- 
petitive position in the postwar era, even as they 
possessed convincing evidence of the worth of basic 
research. One result was that major employers— firms 
like Exxon, General Electric and Du Pont— chose to 
emphasize how like academic research their own work 
was. Extensive new research laboratories were built, 
often in campus-like settings remote from actual 
industrial plants, and "blue sky research" aimed at 
unspecified, distant targets was much in vogue. Prom 
the early 1960s a reaction set in, as much of that 
research failed to yield economically valuable discov- 
eries. The consequence was disillusionment and a 
widening gulf between academic and industrial pre- 
occupations. 

Even so, about 8 percent of industrial chemists 
were employed in basic research in 1964, according to 
one estimate. And these chemists contributed about 
30 percent of American publications on chemical re- 
search.59 Some of this basic research was financed by 
the federal government (perhaps 25%), for just as fed- 
eral grants to universities were one outcome of World 
War II so too were government contracts to industrial 
firms with the capacity to undertake basic research in 
areas of interest to such agencies as the Ator ic Energy 
Comrnission, the arrried services, and the national 
Aeronautics and Space Administration. The new social 
contract thus involved changed forms of interaction 
among academe, industry and government. These 
forms were strengthened and routinized as university 
professors not only acted as consultants to industrial 
firms on the concerns of these firms but participated 
in federally funded industrial research, and sat on 
appropriate government advisory panels. Hovyever 
industrial and academic interests moved further apart 
in certain ways, as the availability of federal funds to 
both academic and industrial researchers served to 



•""Sturchio. Chemists and Industry, p. 31 1. 
Chemistry: Opportunities and Pieeds. pp. 157-159. 
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Table 5 



Chemists/in the Chemical Process Industries, 1950-1970 





Food and 1/ 


Paper and 


Chemicals 




Rubber 


Stone 








kindred j 


allied 


and allied 


Petroleum 


and 


clay and 


Primary 


Total^ 




year products 


products 


products 


refining 


products 


glass 


metals 






[1] / 


(2) , 


(3) 




[5] 


(^1 


(^) 


(8) 




A Number [Thousands] 
















1950 


■ 2:6 


1.5 


13.4 ' 


2.3 


1.6 


0.9 


2.0 


24.6 




3.6 


2.1 


23.7 


3.5 


. 2.0 


1.2 


/ 2.3 


38.4 . 


1960 


A.4 


2.8 


32.0 


. 3.9 


2.2 


1.5 


, 2.7 


49.5 


1965 




2.9 i 


37.8 


3.4 


2.8 


4.5 


2.2 


55.1 


1970 


h ■ 


3.6 


42.8 


3.2 


3.0 


1.5 


2.4 


61.0 




B. As percentage of total chemists In Industry 














1950 


/ 7.9 


4.1 


36.6 


6.3 


4.4 


2.^ / 


5.5 


67.2 


1955 , 


/ 6.5 


3.8 


43.0 


6.4 


3.6 


212 1 


4.2 


69.7 


1960 


/ 6.1 


3.9 


44.4 


5.4 


3.1 


2.1 / 


3.7 


68.7 


1965 


/. 5.3 


3.4 


44.7 


4.0 


3.3- 


1.8 / 


2.6 


65.k 


1970 


4.8 


3.9 


45.8 


3.4 


3.2 


1.6/ 


2.6 


65.2 



Detail may not add to total because of rounding adjustments. 



SOURCE: Bud et a/.. Chemistry In America. 



insulate the two groups from an anxious concern witii 
each other's agendas. 

4. Research associations and technological 
research institutes 

A comparatively small but not unimportant quan- 
tity of basic research in chemistry, as in the other sci- 
ences, continued to be conducted in a growing variety 
of private institutions. By 1964, seventeen major non- 
profit research institutions estimated their annual 
expenditure for basic research in chemistry to total 
$10M. These seventeen institutions employed about 
1000 chemists, vAth over 40% engaged in basic re- 
search.^o 

The research institutes in question included such 
older, industrially-oriented organizations as the Bat- 
teile Memorial Institute, the Franklin Institute (where 
the Laboratories for Research and Development began 
contract research in 1946) and the Mellon Institute. All 
enjoyed substantial growth in the 1950s and 60s— Bat- 
telle for instance increased its research space from 
500,000 to 900,000 square feet between 1950 and 
1960 while establishing European branches in Geneva 
and Frankfurt, each vnth several hundred staff mem- 
bers. By 1958 Battelle had moved sufficiently beyond 
its original concern with metallurgy to begin work on 
chemotherapy for the cancer research program of niH. 
The soijiewhat newer Armour Research Foundation 
had $11.0M of "research volume" and 445 staff mem- 
bers by 1956, by 1961 its income had grown to $16M 
and its research contracts were undertaken by a staff 



^'^^ChcnUstry: OpporiunUles and fieeds, p. 162. 
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of 1,250 organized into six divisions, including chem- 
istry, and metals and ceramics research. T,hough quite 
separate from the Illinois Institute of Technology, the 
Armour Research Foundation answered to the same 
board of trustees and in 1963 it was renamed the MT 
"esearch Institute: yet another illustration of the 
varieties of linkage in the academic-government-indus- 
trial system.^^ 

The most successful of the campus-linked insti- 
tutes was the Stanford Research Institute (SRI), which 
was founded in 1946 by the trustees of Stanford Uni- / 
versity at the request and vAth the support of,a group/ 
of industrial leaders. Initially it was governed by a; 
board of directors elected by the Stanford trustees, 
vAth the university president as chairman. The aim of 
SRI was "to promote and foster the application of sci- 
ence in the development of commerce, trade, and 
industry." The institute began life with a $1/2M loan 
from the ur1iversity;3nd a staff of three. Funds for build- 
ings and facilities were provided for by the SRI Asso- 
ciates Plan (itself a variant of the Technology Plan 
introduced by MIT almost fifty years earlier), through 
which companies and individuals provide $15,000 for 
membership. By 1960 over $2.7M had been contributed, 
and the list of corporate members contained names of ^. 
many large companies. By 1960 too, SRI had 1800 per- 
manent employees and had handled over,.$100M in 
assignments, The success of SRI testified to^the con- 
tinuing vitality of academic-industrial connections. At 
the same time the Institute depended heavily on the— 



^''Harold Vagtborg, Research and American Industrial Develop' 
ment (Pergamon Press, Mew York, 1976). p. 219. 
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availability ov government contracts. Tliat reality, and 
the fact that Stanford University chose to sever its links 
with SRI in 1970, indicate how direct links between the 
universities and industrial concerns were no longer a 
high-priority matter in the 1960s.^2 

Other research institutes with a specific geograph- 
ical locus rather than an explicit university connection 
also appeared in this era. The Midwest Research insti- 
tute began in July 1944i in Kansas City, Missouri, close 
by the Kansas Gity University. By 1960 it had 273 em- 
ployees and a /'research volume" of $2.3M. Contracts 
from the armed servicejs and other government agen- 
cies were especially important to its growth. The South- 
ern Research Institute of Birmingham, Alabama, was 
organized in 1941 but, did not begin operations until 
1945. Its capital fund— contributed primarily by area 
industries — exceeded $4M by 1960, while its almost 
400 employees |Worked on some $3 1/2M of contracts 
in eight divisions including metallurgy, biochemistry, 
organic chemistry, chemotherapy, and applied chem- 
istry. Finally, the Southwest Research Institute, orga- , 
nized in San Antonio,! Texas, in 1947, had over 500 j 
employees by 1960. Approximately 45 percent of its 
income came from industry and other non-govern- 
ment sources, while the remainder came from military! 
and civilian agencies of government. Characteristically, 
its staff members published actively, held office in a 
variety of learned and professional societies, and 
offered numerous courses both in local universities 
and as far away as the University of California and the 
Massachusetts Institute of Technology.^^ 

Technological research institutes connected with 
a particular academic institute (Armour, SRI, Mellon) 
flourished in thi.o era, as did those with a specific 
regional concern (franklin, Battelle, Southern, Mid- 
west Southwest). A third form of organization of grow- 
ing importance was the institute with ties to an indus- 
trial trade association, and devoted to a particular 
industry or technology, as the Institute of Paper Chem- 
istry, the Institute of Rubber Research, or the Textile 
Research Institute. One final group of considerable 
interest to science in general — though not so much to 
chemistry in particular— was that group of institutes 
like the Jet Propulsion Lat)oratory (Caltech), the Law- 
rence Radiation Laboratory (University of California), 
the Institute for Atomic Research (Iowa State Univer- 
sity), and the Cornell Aeronautical Laboratory (Cornell 
University). These latter institutes depended primarily 
on government funds and undertook work of irnme- 
diate interest to the defense of the nation. While of 
great importance to the evolving academic-govern- 



'■^Lcshcn Independent Research Institutes, pp. 79-86, 95-99. 
See also Wcldon B. Gibson, SRI, The Founding Years (Publishing 
Scmccs Center, Los Altos. CA, 1980). 

♦•'^Lesher, Independent Research Institutes, pp. 86-93, 100-102. 
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ment-industrial system, they lie outside the scope of 
this history.*^^ 

f 

5. Old themes and new variations 

The essential continuities that linked the new 
social contract to its prewar roots, and the reality of the 
changes in the relations of academe, industry and gov- 
ernment may be seen refracted in the later career of 
Roger Adams. 

Adiarns has been a member of Roosevelt's Science 
Advisory Board in 1934-35, and had played a key role 
in the i^DRC from its earliest days. He was thus familiar 
with the theories and the realities of the links between 
government and the research universities, and able to 
help in shaping early nSF policy toward both science 
and industry from his position as a member of the 
i^ational Science Board (1954-1960). The fact that hie 
also joined the board of the Battelle Memorial Insjitute 
in 1953 meant that he was cognizant of the opportuni- 
ties that faced the nonprofit research institute^. For 
instance, he was able to prevail against opposing views 
in i^Sr and to guard the tax-free status of these! insti- 
tutes.^^ J I ■ . 

Adams believed wholeheartedly in the virtues of 
private enterprise, and ofj the necessity to seek out 
reward and nurture scientific talent. It was therefore 
natural for him to play a major role in helping to 
shape three philanthropic ventures which were to be 
major supports of postwar chemistry in acadfeme and 
which — but for federal largesse — would have loomed 
even larger in the consciousness of chemists commit- 
ted to basic research. 

As a merhber of. the American Chemical Society 
Board of Directors from 1940 to 1950, Adams was inti- 
mately involved in the negotiations that led to the crea- 
tion of the Petroleum Research Fund (PRF) to support 
"advanced scientific education and fundamental re- 
search in the 'petroleum fieldV The monies in the 
fund derived from successful innovations in the petro- 
leum industry, and were; administered as an endow- 
ment by the ACS: by 1976 the PRF had given more than 
$60M for chemical research,^^ Adams was also ap- 
pointed a trustee of the Robert A. Welch Foundation. 
This foundation— established in 1954 with the fortune 
of a Texas oilman — was to devote itself to fundamental 
research in chemistry. By 1976 it was to report assets 
of $123.5M and expenses of $7.5M or "approximately 
forty percent of all private foundation funds devoted 
to the direct pursuit of non-mission oriented basic 



'^*ror a discussion of federal research and development centers 
sec Orlans, The nonprofit Research Institute. 
^'"^Tarbell and Tarbell, Roger .Adams, p. 188, 
f'^»5kolnik and Reese, A Century of Chemistry, pp, 34-35. 
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chemical research in colleges and universities/'^? 
rinally we should note Adams' key role in shaping the 
program of post-doctoral fellowships offered by the 
Sloan Foundation. In keeping with Adams' vision, these 
highly-regarded fellowships allow their recipients un- 
fettered freedom to pursue their own basic research.^e 
The examples of ^hi^ FRF, the Welch Foundation, 
and the Sloan |fellowsh|ips indicate how older forms of 
private philanthropy continued a How of funds from 
industrial fortunes intoj academic research. If such 
philanthropy did not emoy the limelight afforded to 
earlier ventures associated with Carnegie and Rocke- 
feller, it was nonetheless important to the continued 
health of chemical resj^arch and to the pluralistic 
character that'informed the American system even in 
the days of greatest grovUh in government support of 
academic science. / 



E. A riew Consolidatibn, 1965-1980 
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Academic steadu , State 

■ ■ J I i 

By the late 19605 it was apparent that the boom 

day3 were over for federal financing of academic re- 
search. The rapid bijildup in efirollments and in politi- 
cal support for^ ajl /forms of higher education were 
coming to an ^nd./lri 1970 the numbers of Ph.Ds in 
chemistry (22p8) /and chemical engineering (438) 
reached a peak; by 1979 the figure , had fallen back 
some twenty-five percent. How ever the rjumber of bac- 
calaureates awarded in chemistry * emained'steady 
(1L617 in 1970; 11,643 in |l979) ^iid in chemical; 
engineering it rose significantly (3,720 in 1970; 5,655 
in 1979).69 As these statistics suggest what had changed 
was not so much the overall size or I' <>, teaching mis- 
sion of the university but its relative a. cractiveness as 
a site for research. j ! 

Overall federal spending for basic r isearch in all 
fields had reached a lecord $2415r, ' - 1965, from 
only $1030M as iat'. a : 1960. AfN ; 1965, further, 
growth was painfully • 'nw— a r ak ^ 2837M in 1968 
was not surpassed until .V.)7^. v^ith $29211^. However 
in every year federal spending dwarfed all other sources 
combined (1965, $2415r^ to $1001M; 1978, $2921M 



'•'VV. O. Milligan, *Treface/* in Proccedint^s of ihe. Robert A, 
Welch roundatlon Conferences on Chemical Research: XX, Amer- 
k<m Chembitrii— Bicentennial (Robert A Wel'Ch foundation. Houston, 
1977).' p. viii. rinancial data is included in The Robert A.. Welch 
rotind.ition. ' in The hiternational roiindatlon Directory, 11 V. Modson, 
cd. (Gale Research Co.. Detroit, 197M), p. 521. 

""Adams was chairman of the committee that recommended 
the fellowships. The program was approved in ?954, and the initial 
awards were made in 1955 to 24 individuals, totaling $?.55.000. By 
1975 the program had disbursed $25M to 1 220 scientists; about 
40% of the awards have been for chemistiy. Vor further details sec' 
the Annua! Reports of the Alfred P. Sloan foundation. 

'''^Chemical and pMglneering Hews, 1981 39 (27 July) 69. 



to $1090M). As the major recipients of federal monies 
for basic research, universities were acutely aware bf 
the slowdown in the growth of largesse from their main 
patron. It is estimated that total university expendi- 
tures from all sources for basic research in all fields 
went from $2003M in 1968 to $2,110M a decade later: 
steady state: indeed.^o 

Given this context it is not surprising that academics 
began to show new interest in nonfederal sources for 
the support of basic research, from the early 1970s 
onward. 

One obvious, familiar source lay in industry. If 
industrial ability to finance basic research— in house, 
or in universities and other centers— was small com- 
pared with federal sources (25% of the latter, in 1965), 
it was hot subject to the same political^ constraints. 

2. The federal government as bearer of externalities 

Academic spokesmen and others committed to 
the basic research mission of the universities came to 
a gradual consensus in the 1970s. /on the one hand 
they realized that growth in federal funds for that mis- 
sion could no longer be taken m granted./ On the 
other hand, they had no desire td return to the world 
as it was in the heydey of Rogefr Adams and Trank 
;Jewett. Instead, they believed/ that the pluralistic 
modes of federal support which^ had developed in the 

/ 1940s and 50s, together with p/oject selection by peer 
review, meant the danger had /been avoided that aca^ 
demip scientists would become the intellectual slaves" 
of the state. At the same time, the extraordinary record 
of American success in riobel prize and other interna- 
tional comparisons indicated that federal support 
cojald be compatible with the loftiest of intellectual 
criteria. Academic spokesmen felt comfortable with 
tl^e twin ideas that the university was "the !iomc of 
research" and that the federal government was the 
proper bearer of the extemalities of cost of that research. 

What was less clear to academic or other spokes- 
men was the appropriate scale on which those exter- 
nalities should be financed; or when considerations of 
national security took over from prospects of civilian 
application as an appropriate ground for economic 
choice; or where the correct boundaries lay between 
federal support of basic research and private, indus- 
trial responsibility for financing innovation and devel- 
opment. All three areas, provoked continuing discus- 
sions through the 1970s. What was new within those 
discussions was the increasing attention focused on 
the possible roles of industry, and the reaching out for 
fresh cooperative modes that would embrace industry, 

academe and— possibly— government. 



I '''Science Indicators. 1980. Report of the national Science 
jGoard 1981 (U.S. Government Printing Office. Washington, 
/1981). tables 2-13 and 3-10. {All figures in constant 1972 dollars). 
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3. Old and new forms of academic-industrial 
interaction 

Many older forms of academic-industrial coopera- 
tion returned to prominence in the 1970s, in chemis- 
try as in other scienceSy^The benefits of consultancies 
were stressed, with the addition that this was one good 
way of bringing the industrial client abreast of govern- 
ment-financed work in university laboratories. Indus- 
trial grants were also^stressed, though as late as 1972 
it was reported that '/universities which have been 'too 
weir funaed from federal sources. . .tend to stop look- 
ing for industrial research support, which is harder to 
get." industrial fellowships were re-emphasized, and 
more academic institutions began to experiment with 
"industrial associates" on the MIT model. Connections 
between industrial research associations and universi- 
ties also gained a new prominence. 

/^t the same time, many individuals and institu- 
tions began to cast about for new models of academic- 
industrial interaction, not surprisingly in view of their 
prominence as supporters of academic research, fed- 
eral agencies were involved in this experimentation. 
Already in the mid-1960s, the Advanced Research Proj- 
ects Agency funded three goal-oriented projects in the 
field of materials science, each linking one university 
and one company in a team effort. This form of venture 
was an obvious modification of the (industrial) con- 
tractor— (university) subcontractor model familiar to 
some Department of Defense and PIASA ventures.^^ 

By early 1972, national concern over perceived 
' failures" to innovate as successfully as some foreign 
countries led the President of the United States to 
announce an 'Experimental R and D Incentives Pro- 
gram" within the national Science Foundation. Within 
this program one development was the creation of 
industry-wide "university-industry centers", as in the 
MIT-Industry Polymer Processing Program. Seed fund^ 
Trom nsr allowed MIT staff to identify industry-wid<e 
problems, define research needs and select projects 
to he supported. By 1980 some twelve member com- 
p<'>n)es were paying $560,000 (the full cost) to support 



25 projects, with all patent rights accruing to MIT; In 
this period nsr also introduced tiie deliberate, partial 
funding of cooperative research projects between aca- 
demic and industrial researchers.^^ 

The later 1970s also saw a revival, on a new scale, 
of the older model of direct agreements betweeri a 
particular academic institution and a particular indus- 
trial company to cooperate on basic research in jan 
area of common interest. Thus in 1974 Harvard Med- 
ical School and the Monsanto Company entered into a 
twelve year, $23M commitment to basic research |on 
the biochemistry and biology of organogenesis. MIT 
and the Exxon Corporation have launched a compar- 
able ten year, $8'M agreement for a combustion sci- 
ence prograni.7^ Similar arrangements in the bioengi- 
neering field have been concentrated at West Coast 
universities.74 Most spectacular of all is the $10pM' 
endowment promised for the molecular genetics and 
developmental biology to be undertaken at the new 
Whitehead Institute of MIT.^s While all these ventures 
involve chemistry to some degree, they operate in 
novel scientific areas and on a previously unknown 
scale as to duration and financial commitment 



4. Unstable equilibrium 

The most optimistic of industrial spokesmen do 
not expect that industrial financing will underwrite 
more than ten to fifteen percent of academic research 
in the decade ahead. Whether funding on even that 
scale will be forthcoming on a sustained basis remains 
to be discovered. Equally uncertain is whether indus- 
trial companies will find such investment as financially 
rewarding as they hope. It is also not yet clear what 
long-run role federal agencies will play in facilitating 
new forms of academic-industrial cooperation. How- 
ever what is clear is that the new interest in academic- 
industrial ventures, which has been growing rapidly for 
several years, marks the end of one stage in the story 
of basic research in America. The next chapter remains 
to be written. 



^^*'TcchnoIog>' Incentives: MSF Gropes for Relevance/' Science, 
1973. 180, 1 105-1 107,and Denis J. Prager and Gilbert S. Omenn, 
"Research, Innovation, and University-Industry Linkages," Science, 
1980, 207, 379-384. 

'^Prager and Omenn, 'Research," and Wayne Biddle, ' A Patent 
on Knowledge/' Harper's. 1981, 263 (July) 22-26. 

— ^ '^See new York Times, 12 September 1981, p. 32. 

''Kustuni Koy. " University-Industry Interaction Patterns, " Scl- ^-'^ 'Academic Values Tested by MIT's Mew Center/' Chemical 

iincv. 1972, 178. 955-960, Quotation from p. 956. and Engineering Meius, 1982, 60 (15 March) 7-12. 
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CHAPTER I 

: 7 



SOME PERSPECTIVES FROM THE FIELD 

A. Introduction 

The last two years have seen an increasing trend 
for cooperation between industry and academia in the 
microelectronics area and those high technology in- 
dustry sectors that depend on microelectronics as its 
base technology: computer manufacturers, instru- 
ment makers, telecommunication companies. 

The following two accounts describe aspects of 
this new relationship and the underlying reasons for a 
change between these two sectors of U.S. society. 

This description is meant to stimulate others into 
action, or at least stimulate new thinking in this impor- 
tant relationship. 

B. Semiconductor Research Cooperative (SRC) 

1. Semiconductors and Computers: Basic Industries 

The 1980's will see an increasing penetration of 
h«gh technology into industry, business, and the every- 
day life of people across the globe. The technologies of 
semiconductors and computers are predominant con- 
tributors to these developments. 

The reasons are not difficult to perceive: 

a. Semiconductors and computers are produc- 
tivity tools that have a strong positive influ- 
ence on cost and quality in manufacturing 
and on the effectiveness of the engineer, sci- 
entist, and administrator. 

b. Because semiconductors and computers are 
new developments and products themselves, 
they represent growing industry sectors con- 
tributing to the wealth of nations and taking 
the place of declining industries. 

c. They are basic industries — similar to steel 
and automobile in the early part of this cen- 



tury. Their developments are used as building 
blocks for novel products and have resulted 
in the establishment of new industry sectors. 

2. Increase In Worldwide Competition 

Because of the pervasiveness of semiconductors 
and computers, worldwide corhpetition in the two 
industries is increasing. Through government initia- 
tives, especially in Japan, France, Germany, and Eng- 
land, the knowledge base of these technologies is 
spreading worldwide and is augmented by the contri- 
butions in research, development, and manufacturing 
that these nations are making. 

The United States no longer has an undisputed 
lead. In fact in specific sectors of these industries, 
such as memory devices, calculators, and displays, the 
U.S.A. has lost its preeminence. It is important to 
elaborate on this point with specific data: 

— While the U.S; semiconductor industry sup- 
plied 100% of worldwide memory chip produc- 
tion in the early 1970's and over 90% in 1975, 
the U.S. production of 16K memory chips had 
fallen by 1980 to 60%. The production of 64K 
chips in 1982 is estimated to be 30% for the 
United States and 70% for Japan. 

— The number of papers presented by U.S.A.- 
based authors in the prestigious yearly ISSC 
(International Solid State Circuit Conference) 
has decreased from 78% in 1971 to 55% in 
1981. Japan's participation in turn has in- 
creased from 5% to 30%. 

— The worldwide sales of semiconductors by the 
three major world industrial centers has also 
undergone a change. The percentage U.S. con- 
tribution to worldwide semiconductor produc- 
tion in 1981 has dropped to 60% from a high 
of 70% ten years ago; Japan's has increased 
to 26%. 
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3. The World Environment ^ 

The economic and political stresses that U.S. com- 
panies are experiencincj make the p/ospect of world 
competition even more ominous. 

The inflation rate in the U.S. since 1978 has been 
higher than that of West Germany and Japan. While the 
U. S. had fo contend with double digit inflation, Japan's 
and West Germany's inflation rate was below 5%. 

The capital investment required in semiconductors 
has been increasing to close to 20% of every sales 
dollar. The cost of capital financing, however, is lower 
by a factor of bvo in Japan compared to U.S. costs in 
1980 and 1981. 

Japanese companies do not depend on equity 
financing but are dependent on loans from banks that 
have an equity position in the enterprise. It is accep- 
table to show an after-tax profit of as low as 2%. Such 
low aflcr-tax profits for U.S. companies could inhibit 
severely their capability of raising needed capital. 

Import duties are uneven. Japan's duty for semi- 
conductors is twice that of the U.S.; Europe's is double 
that of Japar|. 

Both Europe and Japan have strong "buy national" 
policies in the high-technology sector making it dif- 
ficult for U.S. companies to sell in government-controlled 
sectors; such as telecommunications and railroads. 

Standards and other non-tariff regulations im- 
posed by the national government are barriers to the 
penetration of foreign manufacturers into the Japanese 
and European markets, as compared to the "laissez- 
faire" policy of the U.S. 

in order for high-technology sectors to progress 
and continue to advance, research and development 
efforts must be expanded, and qualified technical pro- 
fessionals must be made available to industry and 
academia. On both of these counts, the United States 
is not keeping up with its world competitors. U.S. R&D 
spending as percent of GPIP has been dropping from a 
high of 3% in 1963 to 2.3% in 1981. In the same tim.e 
frame, in Japan this index has increased from 1% to 
dose to 2%, and West Germany's from 1.25% to 2.4%. 

With regard to education, the U.S. has been over- 
taken by Japan in the yearly production of electronic 
and electrical engineers. This discipline is basic for 
most liigh-technology industry sectors; especially semi- 
conductors, computers and the telecommunications 
industry. 



4. The Semiconductor Research Cooperative— 
A Flew Relationship 

The need for research and qualified people, as 
well as the increased world competition, has focused 
members of the semiconductor and computer indus- 
tries on an effort called the Semiconductor Research 
Cooperative (SRC). 



a. Purpose / 

The purpose ot the SRC effort is to increase 
the level of focused research of the U.S. semiconductor 
industry. It is aimed at both enhancing long-term re- 
search efforts (5-10 years) in those areas that because 
of the difficulty of the problem, require a long gesta- 
tion period. It is also aimed at shorter term research 
that v;ill yield product results in a 3-5 year time frame. 
It is, however, not aimed at advanced technology or 
product development endeavors. The participating 
companies will take the results of the cooperative 
research and derive from it new products. Cooperation 
in research does not preclude a vigorous competition 
in the marketplace. 

While the R&D expenditures of both, the semi- 
conductor industry and the U.S. industry are not insig- 
nificant, probably less than 10% of the R&D expendi- 
tures is aimed at research; the remainder is spent on 
advanced technology and mainly on shorter range 
product development. Spending additional and new 
funds for research specifrzally should materially increase 
and enhance the basic understanding of concepts that 
lead to new products. 

A further purpose of the SRC is to add signifi- 
cantly to both the supply and quality of degreed pro- 
fessionals. This will be accomplished by having the 
majority of the research executed by universities, thereby 
funding new research positions and attracting new talent 
to these endeavors. 

Another benefit is aimed at the upgrading and 
modernization of the tools required in the pursuit of 
semiconductor research. Many universitites today lack 
appropriate equipment and instruments to work in a 
meaningful way at the forefront of these technologies. 

The participating membership of the SRC is a 
varied one. It not only is composed of semiconductor 
companies, but also of their major and leading-edge 
users: computer companies; instrument and equip- 
ment companies; defense-oriented, as well as con- 
sumer product-oriented companies, and semicon- 
ductor equipment makers. What these com.panies 
have in common is their heavy dependence on semi- 
conductors for their product line. In order to compete 
in the world market, they must rely on a dependable 
and vigorous U.S. semiconductor industry. 

They are also manufacturers of semiconduc- 
tors for sale or for their own use and perform research 
and development in this discipline. 

b. Rationale for a Joint Cooperative Effort 

Such an effort in all probability could not have 
been organized a few years ago. One reason for this 
change is the realization that the semiconductor 
industry is under severe and continuous pressure 
from foreign competition. Semiconductors have now 
become a basic industry and it is important for the 
well-being of the country to have viable companies in 
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this sector of its economy. The need for defense sup- 
port alone would justify this position; but the industrial 
requirements cannot be minimized. 

The semiconductor and the computer indus- 
tries, despite their growth, are still in their early stages 
and new developments come at an increasingly rapid 
rate. Therefore, a lead in research will determine market 
performance in the future. 

At the same time, the cost of conducting basic 
research has been escalating, not only because of infla- 
tion and the increasing cost of manpower, but also 
because of the increasing complexity of the technology 
and the need for sophisticated tools and equipment. 
The availability of these tools is especially important 
in the research phase. The sharing of this equipment 
and making it available among a large number of par- 
ticipants reduces research cost. 

While the universities and some regional insti- 
tutes have recognized the importance of semiconductor 
studies and are focusing on research in this field, the 
early obsolescence of equipment and the continual 
need for new capital infusion is a major problem. 

The support of industry is required; especially 
since the reduction in government spending has left 
the universities in a vulnerable position. The SRC effort 
will substitute industry dollars for government dollars. 

The question can be asked why individual 
companies should not merely increase their own re- 
s arch, or else interact individually with universitJes. 

Wliile such an approach is certainly feasible, a 
joint effort will be able tc attack a research area with 
the necessary resources. Indivic^ual companies fre- 
quently can apply only limited funds and facilities to a 
particular undertaking. 

A joint effort further avoids the overlap of 
endeavors that is so oflen the case when individual 
companies pursue their individual research. 

c. Implementation 

Wliile plans have not completely firmed up, it 
is contemplated that the SRG will be a non-profit orga- 
nization and operate as a subsidiary of the Semicon- 
ductor Industry Association (SIA). 

It will be governed by a board of directors, a 
third of which will be elected by and will be members 
of the SIA board; the other members will come from 
participating industry and academia. 

Reporting to the board will be an executive 
director whose full-time job it is to formulate research 
programs; enter into activities with universities and other 
not-for-profit institutions; monitor progress, and be a 
focal point for disseminating the results of this effort. 
The executive director is to be assisted by a small 
group of technical people from member companies. 

SRC members will pay a fee proportional to 
the integrated circuit sales volume or the purchase 
volume of integrated circuits of the participating com- 
pany. While not firmed up completely, the number of 



dollars thus raised for this research will be $5-7 mil- 
lion in 1982, and $10-15 million in 1983; hopefully 
increasing~tTiefearter as both the participating base 
and the industry is growing. Based on 1980 expendi- 
tures, this expenditure should increase the research 
budget of the industry by 25% in 1983~not an insig- 
nificant addition. By preliminary estimates it could 
more than double the yearly support of the semicon- 
ductor and computer industry to university research. 

Membership will be open to all companies 
that manufacture semiconductors in the U.^. The SRC 
and participating universities will own patent rights 
and other intellectual property which can be licensed 
to non-members for an appropriate fee. 

C. The Center for Integrated Systems 

The Center for integrated Systems (CIS) at Stan- 
ford University is an example of cooperation between 
industry and academia as well as government in re- 
search and education dealing jointly with semiconduc- 

/ tors and computers. The dual objectives of the CIS are 
to educate a new genus of technical leader and to 
research new fundamental concepts for very large 
scale integrated (VL^SI) systems. These objectives im- 
pose a compelling need to deal cohesively with an 
extremely broad spectrum of disciplines ranging from 

.semiconductor materials to computer systems soft-, 
ware. The organization, personnel, facilities, research 
and educational goals of the CIS are summarized 
in the following discussion, which concludes with ah 
assessment of the overall impact of increased univer- 
sity-industry cooperation in research. 

1. Organization 

Stanford University contains Schools of Business, 
Earth Sciences, Education, Engineering (E), Humani- 
ties & Sciences (H&rS), Law and Medicine (M) on a 
single campus. The principal Departments whose 
faculty are affiliated with the CIS are Electrical Engi- 
neering (E) and Computer Science (H&S). During the 
past five years the research and curricula of these two 
departments have been expanding rapidly in many^ 
phases of integrated systems. In addition, the Depart- 
ment of Applied Physics (H&S) conducts a substantial 
research and teaching program germane to integrated 
systems. 

A central feature of the organization of the CIS is 
an Executive Committee which formulates policy and 
consists largely of faculty from the electrical Engineer- 
ing and Computer Science Departments. The Chair- 
man of this Committee and the Co-Directors v/ho plan, 
initiate and direct CIS operations report to the Dean of 
Engineering, nonetheless, the research program of the 
CIS is university wide in scope, already including im- 
portant collaborations with the Departments of Aero- 
nautics & Astronautics (E), Materials Science (E), Mech- 
anical Engineering (E), Biological Sciences (H&S). 
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Applied Physics (H&S), Medicine (M). Radiology (M), 
Surgery (M) and others. 

A key clement of the CIS is a Sponsors Advisory 
Committee consisting of one reprcsenfetive from each 
of 18 corporations (listed in Figure 1) who have elected 
to become Sponsors of the CIS and contribute a total 
of $13,500,000 for design and construction of a new 
CIS building. Technical advice from the representa- 
tives on this Committee will provide important guidance 
for CIS research. Annual contributions from Sponsors 
will be used to support CIS research and educational 
programs. The most serious policy issue facing the 
CIS is resolution of patent and property rights involv- 
ing both university and corporate interests. 

The singular organizational challenge confronting 
the CIS is the need to mold a synergistic research pro- 
gram, extending from semiconductor materials through 
computer systems software, compatible with traditional 
practice of academic freedom. 

Autonomous research project teams led by a faculty 
member acting as principal investigator are a promi- 
nent feature of the CIS. These teams are both intra- 
discipiinary and multidisciplinary and range between 
2 and 20 members including faculty, professional staff, 
technical staff, graduate students and industrial research 
associates assigned to the CIS on a full-time basis by 
Sponsor corporations. These industrial research asso- 
ciates on sabbatical leaves from Sponsor corporations 
are expected to add important new ingredients to the 
CIS research program. Costly facilities for design, 
fabrication, test and application of integrated systems 
arc shared by ail project teams and centrally managed 
by the Co-Directors. 



2. Personnel 

More than 30 faculty, 80 members of the research 
staff and 200 graduate students are now engaged in 
integrated systems research at Stanford. Their num- 
bers can be expected to grow significantly in the future 
as a larger proportion of the 90 faculty members in 
the Electrical Engineering, Com) .ler Science and Ap- 
plied Physics Departments respond to the unusual 
opportunities offered by the CIS. Of the 30 faculty with 
interests in integrated systems, approximately 60% 
are systems, architecture and software oriented and 
40% are materials, device and circuit oriented. Annual 
sponsored research expenditures of the faculty in the 
Electrical Engineering, Computer Science and Applied 
Physics Departments are now approximately $30 mil- 
lion. More than one-third of this total is directly perti- 
nent to integrated systems. 

3. racllltles 

The current research program of the CIS is con- 
ducted in a set of laboratories and offices located in 
five proximate buildings, each occupied in part by the 
Electrical Engineering or Computer Science Depart- 
ment. The total space available to these Departments 
for research is approximately 120,000 square feet; 
about 50^6 of this is used for integrated systems re- 
search. The buildings are linked by a wideband local . 
area communications network providing access via 
office terminals to more than $2 million of locally 
installed computer equipment. Research dealing with 
VLSI systems design and related tools represents a 
principal use of these computational facilities. A com- 
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plete integrated circuit processing laboratory, includ- 
ing cicctron-beam and optical mask making, optical 
projection cilig!i!tu;tit, epitaxy, ion implantation, low 
pressure chemical vapor deposition, diffusion, plasma 
etching, sputtering and evaporation equipment, is in 
operation. In addition, dedicated laboratories exist for 
tcsli!ig and application of prototype integrated systems.* 
for laser and electron-beam processing and for ultra- 
violet and synchrotron X-ray photoemission studies of 
semiconductors. Total investment in specialized facili- 
ties and equipment for semiconductor materials, 
device and circuit research exceeds $12 million. Cur- 
rent expenditures for capital, equipment pertinent to 
VLSI systems design and fabrication are about $3 mil- 
lion annually. 

A new CIS building whose basic construction cost 
will exceed $9 million is scheduled for completion in 
late 1983. The gross area of this building will t^e 70,000 
square feet. It will provide a net area of 30,000 square 
feet of additional space for research, including 10.000 
square feet of Class 100 clean rooms. 



4. Research Program 

Topics of major existing research projects dealing 
with integrated systems are listed below. 

• Knowledge-based VLSI design: application of 
artificial intelligence techniques to develop- 
ment of heuristic programs providing expert 
software systems for VLSI design (in collabora- 
tion with the Heuristic Programming Project). 

• VLSI information systerns: special purpose sig- 
nal processing algorithms and architectures; 
design aids and compatible high level language 
testing programs for VLSI. : 

• VLSI computer systems: general purpose arch- 
itectures and design aids for VLSI; high perform- 
atice graphic work stations; custom "geometry 
engine" microprocessor for graphics work sta- 
tion; custom high performance microprocessor 
without interlocked pipeline stages for general 
purpose use. 

• Medical and rehabilitative electronic sensors, 
circuits and systems: auditory prosthesis; read- 
ing aid for the blind; silicon gas chroma tograph; 
totally implantable telemetry for measurement 
of blood flow and pressure, bioelectric poten- 
tial, dimensions, strain, temperature and chem- 
iral ion concentrations in biomedical research 
animals. 

• Fast turn-around fabrication laboratory for VLSI 
systems including projections of limits of ULSI. 

• Integrated circuit process emulation linking 
two-dimensional process and device models. , 



• Laser, electron and ion beam processing of 
semiconductor materials including new device 
structures in recrystallized semiconductors. 

• Fund^imental studies of semiconductor sur- 
faces and interfaces using ultraviolet and X-ray 
photoemission and Auger electron emission. 

The vast majority of the effort described above is 
funded by agencies of the Federal Qoi/'ernment includ- 
ing the DoD. FiSF and riASA. DARPA and niH have 
been particularly important sponsors. An increased 
level of financial and technical suppo; t from the CIL 
Sponsors and the SRC will be pursued in the future. 

5. Educational Program 

The CIS is not an an academic department and 
consequently confers no degrees. However, through 
the Electrical Engineering and Computer Science 
Departments, a goal of 30 Ph.D. and 100 M.S. grad- 
uates per year with broad competence in integrated 
systems is targeted. As a reference point, during the 
1980-81 academic year the Departments of Electrical 
Engineering and Computer Science conferred a total 
of 79 Ph.D. and 286 M.S. degrees. CIS resources derived 
from Sponsor annual fX)ntributions will be used to estab- 
lish new courses and educational laboratories and to 
furnish video tapes of courses to Sponsors. CIS Spon- 
sors have the opportunity to provide fellowships for 
graduate students. 

6. Conclusion ^ ' 

To meet the challenge of a growing and increas- 
ingly competitive industry. Stanford's CIS is focusing 
its efforts on creating a new discipline— integrated sysr 
tems science and engineering, a meld of semiconductor 
materials and integrated circuits Vi^th computer sys- 
tems—and producing a vital new genus. of technical 
leader well prepared to practice this discipline. 

D. Overall Impact of Increased University-Industry 
Cooperation in Research 

The Center for Integrated Systems is a unique 
entity in that it reflects all of the peculiar features of 
Stanford University, especially its immediately pre> ious 
research and teaching programs in semiconductors 
and computers, its faculty, its material resources and 
its broad industrial affiliations. In this sense similar 
efforts at other academic institutions are marked by 
tiieir distinctive characteristics. For example, estab- 
lishment of an on-campus laboratory for fabrication of 
experimental integrated systems markedly expands 
opportunities for research related to process and 
device physics and models as well as computer sys- 
tems. In addition, it opens the door to exciting syner- 
gisms between these two broad disciplines. However, the 
organization, personnel and facilities required to sup- 
port an integrated systems fabrication laboratory are 
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very sizeable by academic standards, and a large and 
healthy diversity of approaches exists within academia. 
A very significant feature of the CIS approach is that 
'vithout a virtually unprecedented level and kind of 
commitment from indusLry, the means for acquiring 
an integrated systems fabrication laboratory would not 
exist. 

Transcending their diversity, the CIS and coV- 
responding entities at other academic institutions rep- 
resent a new level of cc operation between academia 



and industry. By adding a third party to the already 
fruitful university-government research cooperation, 
opportunities for productive academic research are 
both enlarged and enhanced. An expected result is 
increased academic freedom which can be assured by 
thoughtful selection of non-proprietary goals in joint 
.university-industry research. Hopefully, the CIS sym- 
bolizes a new era of productivity in university research 
through unprecedented cooperation of academia, gov- 
ernment and industry. 
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CHAPTER I! 



SEVEFi CASE STUDIES 

A. Introduction ; 

Universities and industry in the United States have 
begun a technological and sociological experiment 
unique in the nation's history. They are cooperating to 
meet the challenges of an electronics revolution that is 
changing the way the world computes, communicates, 
manages information, manufactures, and learns — and 
so the way people work, play, and think. The technical, 
economic, and social impact of this revolution already 
has surpassed that of the Industrial Revolution, and 
the former has only started to climb toward its peak, 
for example, electronics form the basis of an "infor- 
mation industry" predicted to grow into a $500 billion- 
a-year enterprise by the end of the century— the largest 
enterprise on Earth. 

The electronics revolution extends back to the inven- 
tion of the telephone more than 100 years ago, but it 
- accelerated dramatically— and became the microelec- 
tronics revolution with the invention of the transistor 
in 1947. Constructed of semi-conducting materials, 
particularly silicon, these small, lightweight "electronic 
valves" replaced less reliable, less energy-efficient 
vacuum tubes in myriads of products from radios to 
. computers. 

The other technology central to the microelec- 
tronics revolution involves using photolithographic 
techniques to "print" entire circuits on a silicon chip 
in one operation instead of individually v^/iring hun- 
dreds or thousands of transistors together manually. 
The cost of processing a fingernail-size, integrated cir- 
cuit chip essentially does not increase as the number 
of transistors on it increases; therefore, the more 
transistors, the more functions and the less the cost 
per function. The cost per function of computers, com- 
munications equipment, scientific instruments, proc- 
essing devices, satellites, and other electronic products 
fell by a factor of 100,000 in less than two decades. 
The continuing decline in cost per function resulted 



ERLC 



in an expanding market and a phenomenal 17 percent 
annual growth rate in the electronics industry from 
1970 to 1980. The number of semiconductors on a 
chip increased from hundreds, to hundreds of thou- 
sands (450,000 in 1981), and industrial and academic 
laboratories now experiment Vi^th very large-scale inte- 
grated (VLSI) circuits containing a million or more 
elements. 

Such growth does not occur withqut problerris. 
Tor industry, lack of adequately trained people and 
need for more efficient ways to design and program 
highly* complex circuits top the list An 8-bit micro- 
processor logic chip requires 182 man-days to pro- 
gram; 6 man-years of efforts are needed to write 
instructions for a 16-bit logic chip. And new chips that 
handle 32 bits (letters or digits) simultaneously now 
are available. 

The microelectronics t)oom has produced a growth 
in job opportunities far beyond the growth in engineer- 
ing graduates. According to the American Electronics 
Association, the industry's largest trade group, the 
number of electrical-engineering graduates at all levels 
remained about the same in 1980 as in 1972 — 18,008 
versus 17,682 — while the industry grew 136 percent. 
U. S. colleges. and universities in June, 1980, turned 
out only 10 percent of the 54,000 four-year computer- 
science graduates that industry wanted to hire. At the 
master's level, the supply totaled 10 percent of the 
34,000-job demand. Only 24 percent of the 1,300 
openings for Ph.Ds were filled. "Less than 200 grad- 
uates a year in this country know enough about VLSI to 
take a job in this area," states Control Data vice presi- 
dent Walter Bruning. 

Prime factors contributing to this manpower situa- 
tion include faculty members leaving universities for 
higher-paying industry positions, and outmoded lab- 
oratory teaching equipment. '*You can easily spend 
$10 million setting up a microelectronics lab at a uni- 
versity; few schools can afford that amount," notes 
Stephen Kahne, director of the Piational Science Foun- 
dation's Division of Electrical, Computer and Systems 



Engineering. "Equipment is between a factor of four 
and 20 more expensive tiian (it was) a decade ago/' 
says John Q. Linvill of Stanford University. ''Some of 
that increase has been due to inflation, but most of it 
stems from the fact that circuit complexity demands 
equipment with much more exquisite control." Piew 
computer-aided procedures are needed to design, 
manufacture, and test VLSI circuits, and this requires 
increased capital outlays. 

Many industry people see competition from Japan 
as a bigger problem than the manpower shortage. 
That nation initiated nationally supported programs 
that involve cooperation between government indus- 
try and, to a lesser extent, universities. One such ven- 
ture involves an eight-year $300 million (half from gov- 
ernment, half from industry) program to produce a 
VLSI supercomputer by the end of the decade. "Curricula 
at universities, wfiich generally lack modem processing 
equipment, is closely correlated with on-the-job train- 
ing of graduates, and this fosters a close relationship 
with industry/ comments Bruning. Such cooperative 
arrangements, known to Westerners as "Japan, Inc.," 
threaten U.S. technical superiority and dominance of 
the world miarket. Japan now holds about 40 percent 
of the global market for 16,000-bit memory chips, and 
it is engaged in a struggle with American industry to 
dominate sales of the 64,000-bit chip. 

To meet the challenges of foreign competition 
and to solve mutual domestic problems, industry and 
academia in this country have entered into. various 
cooperative ventures. "This is the beginning of a 'USA, 
Inc./' declares Brian Dale of QTE, which maintains 
working associations with Stanford University, Cali- 
fornia Institute of Technology, and Massachusetts 
Institute of Technology. Industry is manpower limited 
and people are the main product of universities. 
Industrial facilities contain state-of-the-art equipment 
needed to properly train students but lacking at many 
universities. The schools, on the other hand, can 
provide graduates familiar with new circuit-design 
methods required by industry to deal with increasing 
complexity. The Defense Advanced Research Projects 
Agency (DARPA) combines these capabilities in a $9 
million program that translates students' designs into 
working chips. Students at the California Institute 
of Technology, Stanford University, Massachusetts In- 
stitute of Technology (MIT), Carnegie-Mellon Univer- 
sity, University of California at Berkeley, and Univer- 
sity of Southern California use computers and the 
latest architectural techniques to design VLSI circuits 
which are fabricated at companies such as Texas 
Instruments, IBM, TRW, Honeywell, Hughes, and West- 
inghouse. 

Industry has led the federal government in con- 
ducting electronics research in this country. About 
one-quarter of all the scientists and engineers in in- 
dustrial labs work for the electronics industry, and a 



steady growth has occurred in both the basic and 
applied segments of their R&D. This growth is likely to 
continue since it has been a principal factor in price 
decreases and corporate growth. Basic research aver- 
ages about 3.5 percent of all R&D, which totaled about 
$750 million in the microelectronics sector in 1981, 
according to a National Research Council report. Out- 
look for Science and Technology: The Piext Five Years, 
However, this average includes large corporations 
which devote 10 percent or more of their R&D funds to 
basic research and many small firms that have no R&D 
budget. Emil Sarpa of Intel says that his company 
spends as much as 15 percent on basic research. Most 
companies are reluctant to invest large sums over many 
years with little assurance of when and how benefits 
will result This provides another strong motive for co- 
operation with universities. "Predictions of the nature, 
placement, and timing of breakthroughs are uncertain, 
at best " comments Linvill. "These uncertainties are 
less troublesome in the graduate school environment 
than in industry. A negative result may bear practically 
the same educational value as a positive one if it con- 
tributes to knowledge." 

Cooperative arrangements in the U.S. do not 
follow the monolithic model of Japan, Inc. They Center 
on regional centers which seek to take advantage of 
the proximity of the corporations involved to a large 
university or research complex, and of relationships 
between faculty and executives that have grown out of 
common goals and interests. A typical example is 
Stanford University which lies amid the nation's largest 
concentration of mjcroelectronics producers and users 
in "silicon valley", a chain of ten cities and more than 
a thousand firms stretching south from San F'ancisco 
to San Jose and beyond. More than 150,000 people 
worked in the electronics industry in this area in 198^, 
about 40,000 of them for the valley's 15 largest semi- 
conductor firms. Stanford has participated in the local 
electronics revolution since its inception in the mid- 
1950's. Today, university training, research, and con- 
sulting provides industry with manpower, expertise, 
and fresh ideas. Industry, in turn, awards research 
contracts, contributes funds, and shares state-of-the- 
art equipment 

B. Stanford Center for Integrated Systems 

To cope with the new problems and challenges 
of the 1980' s, a small group of university and indus- 
trial leaders founded a facility known as the Center for 
Integrated Systems (CIS). Stanford's departments of 
electrical engineering and computer science cooperctte 
with industry to train students and corporate profes- 
sionals and lo generate new scientific and technical 
ideas. for development of VLSI systems. John Linvill, 
director of the center, says that two rtiajor factors led 
to its establishment: "First a university cannot be 
isolated from the industry it serves; it needs the latest 
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tools and equipment to produce people who can do 
what is essential for survival and growth of that indus- 
try. Second, vertical intcciration of training is required; 
students should learn to handle entire computation, 
communications, and control systems. In 1979, myself 
and three Stanford colleagues began discussions 
about how these things could be done. (The col- 
leagues were James MeindL James Gibbons, and 
Michael Flynn.) We talked it over with industrial friends 
who are close to the university geographically, intellec- 
tually, and socially. " One of the friends was George 
Pake, a former Stanford faculty member and then, as 
now, head of Xerox Corporation's research center in 
Palo Alto. "We had a long history of cooperation with 
Stanford and obtained enormous benefits from the 
association, " he states. "Therefore, I supported the 
idea of CIS and joined an advisory committee to help 
Ihem get started. " Linvill and his group presented a 
plan for the center to the Stanford Board of Trustees, 
and they received a go-ahead to seek funds in 1980. 

"We did not encounter any intentional roadblocks 
at Stanford," Linvill recalls, "but you always run into 
problems when you want to do something significantly 
different. Some people viewed the proposed changes 
as a threat to their position; others feared that closer 
ties with industr>' would compromise the university's 
independence. " Industry was not as reluctant and a 
development committee headed by John Young, pres- 
ident of Hewlett-Packard, began recruiting sponsors. 
CIS began formal operation in February, 1981, and 
liad 14 sponsprs by the end of the year. These include 
Digital Equipment, General Electric, GTE, Tairchild, 
Hewlett-Packard, Honeywell, IBM, Intel, Northrop, Tek- 
tronix, Texas Instruments, TRW, and Xerox' These cor- 
porations each pledged support of $250,000 a year for 
3 years, plus operating funds, to construct and run a 
design-automation laboratory, fabrication facility, and 
other supporting structures. 

Corporate participation in CIS follows the model 
of Stanford s highly successful industrial affiliates pro- 
gram, in which companies gain access to the latest 
research at the university in exchange for membership 
fees. CIS also draws on a departmental researeh- 
assistantship program in which companies sponsor 
research and benefit from close association with grad- 
uate students. Many of the com[>anies had prior associa- 
tions with Stanford s computer science and electrical 
engineering departments. The latter includes an inte- 
grated circuit lab Wliic;h has made ICs since the early 
1970s. It now includes one of the few facilities at a 
U.S. university where student-designed ICs are quickly 
fabricated and returned to them for testing. While 
awaiting construction of its central facility, CIS will 
conduct projects in this and other existing laboratories 
for semiconductor research, information systems, 
computer systems, and artificial intelligence. Federal 
funds financed tiiuch of this technical base. "Individuals 
in these various labs received $9 million in federal 



support in 1981,'" Linvill notes. "In this sense, CIS is an 
infant born half-grown.'" 

CIS has specific goals: 1 ) to produce 30 Ph.D. and 
100 M.S. graduates a year, 2) to do fundamental 
research, 3) to offer short courses, conferences and 
workshops, and 4) to provide a forum through which 
work at the center will be coupled with that in industry, 
other educational institutions, and government facili- 
ties. A Dean's Committee establishes CIS policy. Its 
four members include the chairperson of an 11-member 
executive committee representing all of Stanford's sci- 
ence, engineering, and humanities departments. A 
sponsors advisory committee, composed of high-level 
executives from sponsoring corporations meets semi- 
annually with the Stanford-faculty representatives. The 
chairman of the latter committee, now John Doyle of 
Hewlett-Packard, says that he ."meets with the execu- 
tive committee a couple of times a month." 

Pake comments that "Xerox's contribution to CIS 
is very small compared to what we are investing intemally 
in the same kind of research. (The corporation is con- 
structing a major new IC laboratory in Palo Alto.) For 
little additional investment we enlarge our perspective 
by participating in a broad program of basic research. 
We envision opportunities for joint interaction with the 
university and with other companies, as well as the 
ability to recruit students! On a per-dollar basis, it 
should be a good investment." 

Brian Dale is more pragmatic concerning GTE's 
contribution. "It costs about $100,000 a year to sup- 
port a top-level researcher in-house," he notes. "We 
should get as much or more out of the same amount 
invested in Stanford or any other good school." The 
main reason. Dale explains, is that "universities have 
taken the lead in novel approaches to the design of 
VLSI circuits and we want to catch up." 

Pake and Dale say that corporate supporters have 
no intention of trying to influence the university's free- 
dom to select areas of research. "However," Pake com- 
ments, "we will make our interests known, as well as 
Our preferences when several choices exist.'' Linvill 
remarks: "If a sponsor sees something his company 
does not like, wO will do our best to accommodate 
reasonable changes." 

. One thing that industry does not like is Stanford's 
patent policy. "Many questions need to be resolved," 
says Doyle. "The most difficult ones involve visiting 
scientists who come up with patentable ideas while 
working at CIS. Also, when you have people from com- 
peting companies working side-by-side, you may have " 
to decide whose idea it is. One arrangement would be 
to give all sponsors royalty-free licenses for hardware 
and software developments. But this could result in 
the federal government classifying the corporate con- 
tribution as sponsored research. You then must pay 
taxes and 70 percent overhead to the university. These 
problems are receiving a lot of attention, and, if both 
sides bend a little, we solve them." 
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C. Caltech Silicon Structures Project 

F^atcnts loom as a problem in other industry-uni- 
versity ventures. Industrial affiliates receive royalty-free 
licenses to patents originating from cooperative re- 
search conducted as part of California Institute of 
Technology's Silicon Structures Project (SSP). Caltech 
obtains the same rights and can sell licenses through 
its foundation, the California Research Institute.. In the 
only incidence, to date, where the Institute wished to 
do this, its foundation cleared the sale with corporate 
sponsors, rio sponsor objected. Linda R. Getting, 
administrative director of SSP. admits that sponsor 
objections could be a problem in the future. However, 
no clear line of action has been decided in such a case. 

SSP was established to do basic research on VLSI 
systems and to train students and industrial people 
in their design. Twelve corporations were contributing 
$100,000 a year by the end or 1931. As at CIS. these 
include high-technology giants such as Burroughs. Digi- 
tal Equipment Pairchild, General Electric, GTE. Hewlett- 
Packard, Honeywell. IBM. Intel. Motorola. Sperry Univac. 
and Xerox. "Fifty percent of the corporate support goes 
to SSP, thf^ rest goes to the Institute (Cdltech)." explains 
Getting. **We also receive $200,000 a year from the 
national Science Foundation to support graduate 
students." 

Decisions about supporting research projects 
with these funds are made by a committee consisting 
of Getting. SSP technical director George Lewicki. and 
Carver Mead, professor of computer science and a 
main driving force behind the program. Mo advisory 
board of sponsors exists as it does at Stanford. Each 
sponsor sends a scientist to Caltech for a year to work 
on VLSI design. This arrangement has not run as 
smoothly as anticipated. * We thought we could send 
who we wanted and this person could do what he or 
she wanted." complained one corporate executive. 
'Apparently this is not so. ' ' Some industry people 
came with specific assignments." said Getting. This 
was less than desirable because they used resources 
without increasing knowledge. Some projects could 
have been done at corporate laboratories. We want 
industry scientists to tie their own problems and 
interests to the interests of the Institute and to the 
educational requirerhents of the graduate students." 

SSP includes no fabrication facility, such as is 
planned for CIS. **We decided that a so-called silicon 
foundry' required more manajgement capability and 
students than we possess." explained Getting. Also. 
Carver Mead believes that universities should take the 
lead in circuit-design research while industry concen- 
trates on fabrication. This does not please some of 
the Industrial sponsors. "I see it as a limitation." said 
one representative. "Students need feedback on what 
can and cannot be done with circuit materials. Experi- 
ence in fabrication enhances the whole education 
process." Les Hogan of Fairchild Camera and Instru- 
tiient Corporation feels that "students need experience 



in processing; companies that hire them cannot be 
expected to provide all the training in thib area. Also, 
when professors become involved in fabrication they 
often come up with major innovations." 

Ivan Sutheriand. formerly of Caltech's computer 
science department, originated the idea of SSP to deal 
with the overwhelming complexity of VLSI circuits, and 
to educate students in the disciplines needed to 
design and program such circuits. His plan was. at 
first ' cooly received" by the Caltech administration, 
according to someone familiar with its history. 'The 
SSP proposal caused a lot of negative reaction and re- 
sistance throughout the Institute." this person recalls. 
'Many people felt that the university would be prosti- 
tuting itself to industry, or at least doing development 
work that industry should do. When the administration 
finally decided to pursue industry support, it quad- 
rupled the $25,000 fee proposed by Sutherland." 

D. University of California. Berkeley 

Several corporations affiliated with Stanford. Cal- 
tech. or both also support microelectronics research 
at the University of California. Berkeley. Besides seek- 
ing funds to create its own fabrication and design facil- 
ity, this university participates in a statewide industry- 
academia cooperative effort known as the Microelec- 
tronics Innovation and Computer Research Operation, 
or MICRO. Researchers from the nine UC campuses 
propose projects to companies with which they have 
developed contacts. If the company agrees to fund 
the research, matching funds can be obtained from 
MICRO. 

The state program was initiated by Governor 
Edmund G. Brown to help the electronics industry, 
which employs 40.000 Californians. and to counter 
competition from Japan and other sections of the U.S. 
The state Legislature appropriated almost $1 million 
for MICRO in 1981. * We expect to get at least that 
much, and perhaps as much as $2 million in 1982." 
1 Vicomments George Turin, the UC. Berkeley, faculty 
member who chairs the committee that reviews MICRO 
proposals. The five-member committee consists of 
faculty from five UC campuses. It pperates under the 
guidelines of an advisory board of state-government, 
academic, and industry members, which deals with 
long-range planning, training requirements and man- 
power needs. "MICRO gives priority to projects that 
promise industrial fallout in the medium term— 4 to 
10 years." Turin points out. 'We want technical people 
in industry to form close associations with university 
researchers. Technology transfer will be encouraged 
by these contacts, ahd by graduate students who work 
on the projects then are hired by sponsoring com- 
panies." 

Of $980,000 appropriated for MICRO, approxi- 
mately $50,000 went for administrative costs, and 
$100,000 for fellowships in microelectronics and com- 
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puter science. The remaining $830,000 was matched 
by $820,000 in cash and $540,000 worth of equipment 
from industry. In 1981, these funds supported 51 proj- 
ects on six campuses, most of them—about 40 per- 
cent—at Berkeley. 

. The university, in a separate effort, seeks state 
and federal funds to convert an existing campus build- 
ing into a microelectronics research center. The state 
is expected to provide $2.3 million, nSf $1,7 million, 
and the UC system $500,000 for this purpose. To sup- 
port research at the center, particularly in computer- 
aided design (CAD) and computer-aided manufacture 
(CAM), Berkeley began a campaign to raise $5.5 mil- 
lion from industry. 'The center will not duplicate fabrica- 
tion capabilities available at corporate laboratories," 
declares David Hodges, professor of electrical engi- 
neering. ''Our efforts will be limited to advanced and 
exotic processing that cannot be done at many other 
places or at any other place." Hogan says that Fair- 
child may contribute $1 million to this effort. He 
opines that the Berkeley facility is 'Just right for train- 
ing students— not too big and not too small." Hodges 
expects that the center will attract additional projects 
funded by MICRO. "Berkeley's approach is not to give 
industr>' a list of things they can get for their invest- 
ment," Turin remarks. "Rather, we ask companies 
about their needs then try to provide what they want." 

Certainly one of the things industry wants from 
all cooperative arrangements is the chance to recruit 
good people. Stanford will provide this through in- 
creased enrollment at CIS, but Caltech and Berkeley 
will concentrate on better-educated, not more, stu- 
dents. Enrollment at Berkeley and other schools In the 
UC system is at its celling. The $100,000 provided by 
MICRO will help Berkeley and the other campuses 
achieve a goal of "providing paid research assistant- 
ships and other Incentives for high-quality engineer- 
ing students to attend graduate schools Instead of 
immediately taking jobs In industry," states Larry 
Hershman, budget director for the UC system. 

K. Massachusetts Institute of Technology 

While Berkeley depends heavily on state support 
for its brick and mortar requirements, MIT will rely on 
federal funds to provide a central facility for its uni- 
versity-industry Microsystems Program. More than 90 
percent of research at the Institute is federally sup- 
ported and the combined electrical engineering and 
computer science department looks in that direction 
for $8 million to renovate a campus building. Plans 
involve using overhead funds from federal support of 
all research at MIT not just that related to microelec- 
tronics. At the beginning of 1982, the Institute had not 
received approval to do this, but it was well-along in 
obtaining industry funds for equipment and annual 
operating costs of about $150,000. Industrial cbn- 
tributors including Analog Devices, Boeing Aerospace, 
Digital Equipment, QenRad, GTE, Harris Corporation, 



Honeywell, IBM, and Teradyne, committed $250,000 a 
year for three years. 

When the program gets underway, industrial spon- 
sors will be invited to send their scientists to the 
campus. "We envision taking 12-to-15 people annually, 
each for a period of 9-to-12 months," says Richard B. 
Adier, associate head of the electrical engineering and 
computer science department. "These would be top- 
level people. We would offer new ideas, access to the 
latest research, and contact with graduate students." 
Industry is attracted to "the excellent software people 
at MIT, particularly those in computer science and 
artificial intelligence, who are developing powerful new 
concepts for handling very complex circuits," explains 
Brian Dale. Richard Paine of Analog Devices points to 
"industr/s huge void in IC-design expertise which we 
want to fill." His company will provide $25,000 a year 
for five years to support a professorship at MIT. "This 
enables the school to educate 20-30 more students," 
comments Graham Sterling of Analog Devices. "We do 
this because we feel that a slow flow of trained students 
could constrain the development of our industry." 

Industry played a major role In the origin of the 
nicrosystems Program, "fri 1974, IBM tried to get our 
computer-scienr^ people interested in designing inte- 
grated systems,' Adler recalls. "At the time computer 
peop^le here and elsewhere paid little attention to the 
engineering involved in circuits they used. And most 
electrics' ngineers had a 'bottom up' approach to 
deslga'L -y added. functions as they were needed. At 
MIT, we were not foresighted enough to grasp what 
IBM told us about designing the complex circuits of 
the future from the -top down'." The faculty, however, 
was more receptive in 1979 when Lynn Conway, now 
with DARPA. came to MIT. Along with Carver Mead, she 
wrote the tirst textbook on VLSI systems. It explains a 
simplified approach to design and instmction, pioneered 
at Caltech, which drastically reduces the time required 
to train circuit designers. "We discussed such new 
developments in design and education among our- 
selves and with our close friends in industry/' Adler 
remembers, "then we came up with, the idea of the 
Microsystems Program. In January 1980, MIT an- 
nounced its creation and began actively soliciting 
industrial support." 

Paul Penfield, head of the EE/C5 department 
directs the prqgram. A high-level technical staff will be 
hired to handle day-to-day operations. The bulk of 
research funds, like the renovation money. Is expected 
to come from federal sources. "DoD supports the 
majority of work in our department," Adler says, "and 
we do not expect DoD dominance to change for some 
years." 

"Industry cannot tell MIT what to do," Adler de- 
clares, "but the Institute cannot limit Itself to telling 
industry what It is doing and will do. We must,have a 
forum." Several representatives of contributing cor- 
porations complain that such a forum does not yet 
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exist. 'The people at Microsystems promised to set-up 
a sponsors advpory committee, but they have not 
done this/' QTfys Dale said in January, 1982. Some of 
the criticism is^^sharpei. 'MIT did not hesitate to take 
our money, but it never bothered to' provide a means 
to get togethef with us as a group/' comments another 
sponsor representative. -r- 

Corporate people generally agree that MITJs stand- 
ard patent /policy is too vague to cover specific cases 
involving i^idustry scientists working with faculty and 
with eacly other on campus. This area is going to re- 
quire lot's of discussion/' opines Dgle. "We are con- 
sidering^ establishing a common research fund to 
which all sponsors would contribute/' Adler remarks. 
"MIT and the sponsors would agree in committee on 
what projects would be funded from this pool. Patent 
rights would be available on a non-exclusive, royalty- 
free basis to all contributors." 11 I 

I I ' I! I 

Cooperative programs at universities also are 
attempting to deal with the problem/ of the fac^ulty's 
dcsir,c for [prompt/open publication versus industry's 
need to protect proprietary information and /foreign 
patent rights. 'We could agree to delays in publication 
of 60-90 days to protect industrial investors," A^ler notes. 

, r. Microelectronics Center of no^h Caroiina 

' Universities .ind corporations in the /Boston and 
silicon valley areas must cope with hi^h living and 
labor costs, high taxes, pollution, a steady increase 
in crowding, and what many consider to be a declining 
quality of life, north Carolina claims^ an alternative 
to this in the form of a new microelectronics center 
financed by $24. million in state funds and located in 
the "backyard " of three universities ^^nd a complex of 
federal and private research facilities known as Re- 
search Triangle Park. The Park, where the Microelec- 
tronics Center of north Carolina^'(MCnC) is situated 
lies roughly equidistant from Duke University at Dur- 
ham, north Carolina State University at Raleigh, and 
the University of north Carolina at Chapel Mill. MCiiC is 
a non-profit consortium of these three universities, 
together with the University of north Carolina at Char- 
lotte, north Carolina A&T Statt^ University at Qreens- 
iDoro, and the Research Triangje Institute (RTI), a non- 
profit research organization. 

MCnC began with General Electric Company's site 
search for a new microelectronics plant to produce 
custom ICs for its own products. "In 1979, after look- 
ing at about 30 sites, we selected the Research Triangle 
Park for a variety of reasons, " recalls QE's Don Patterson. 
These included the local universities, proximity to 
other QE facilities on the East Coast, quality of life, 
attractiveness of the area to recruit into, and the strong 
support of Governor Jim Hunt. " 

QE offered the Research Triangle Institute funds to 
prepare a prospectus on a cooperative industry-state- 



university research and/ educatiorr venture. "Qovemor 
Hunt responded enth/ipiastically to this idea," says 
George R. Herbert, chairman of MCnC and president of 
RTI. Hunt wanted to focus the resources of the north 
Carolina Board of Science and Technology, which he 
established in 1977, on areas that would yield the 
most jobs and revenue. The number of electronics 
companies in the state had been increasing and 
microelectronics obviously was a promising area. 
When QE came on the scene. Hunt called a meeting of 
the presidents of the universities and RTI and asked 
them if "1t made sense to invest the effort and money 
to become a major eastern center of microelectronics 
research/' according to Herbert. W^hen the answer was 
"yes/' Hunt asked the State Legislature for, and ob- 
tained, in 1981, $24 million for two years support. 

About $10 million will go Tor construction of a new 
research center at Research Triangle Park and an . 
interim fabrication facility at north Carolina State. The 
equipment budget totals $8.65 million, and $5.3 mil- 
lion in operation costs includes $2.1 million for re- 
search grants and $300,000 for graduate fellowships. 
To stretch their dollars, MCnC submitted a proposal to 
nSP requesting matching funds for equipment pur- 
chases. The Research Triangle Foundation, owner of 
RTI, provided an unrestricted grant of $300,000 which 
enabled MCnC to become a reality in July, 1980, be- 
fore appropriation of the state funds. QE became the 
first industrial sponsor with a membership fee of 
$250,000. 

"It's amazing how fast the north Carolina group 
picked up the cue and put the necessary education 
programs in Place," Patterson comments. "The presi- 
dent of the community-college association fleW to sil- 
icon, valley to check out curricula and equipment at . 
the technical schools. Me established comparable 
courses here, and graduates who can maintain and 
operate state-of-the-art equipment will be available 
starting in the spring of 1982." All five universities 
offer the Mead-Conway course in VLSI circuit design, 
and MCnC established four $10,000 fellowships at 
each of the five universities. 

Th|e stated objective of the center is to support the 
educational and research activities of the participating 
institutions. However, ""MCnC also will serve the needs 
of industry and government by undertaking, with its 
own stafF, research projects not related to the educa- 
tional and research functions of the universities," 
Herbert states. In addition, the center intends to act as 
clearing-house for non-proprietary research at the par- 
ticipating institutions, make it possible for corporate 
scientists to spend time with faculty researchers, and 
invite industry to technical seminars at its facilities. 
An advisory board of university and industry members 
will evaluate research proposals and be responsible 
for long-range planning. They will work under policies 
established by a board of directors consisting of th^. 
chancellors of the five universities, representatives 
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from state government and the private sector, and the 
president of RTL 

At the bccjinnincj of 1982, approximately $10 mil- 
lion worth of grcHits and contracts to the participating 
institutions (mostly from federal sources) supported 
research in microelectronics and relevant disciplines. 
However, 18 months after its establishment QE re- 
mained MCnCs only industrial sponsor. "Several cor- 
porations have expressed interest" Herbert noted, "but 
we are not actively 'seeking more sponsors until we 
find a president " This has not been easy. The board 
of directors tried to attract one of the key people at 
the Stanford microelectronics center with a salary of 
$120,000 per year^ described by one professor as 
"phenomena! in north Carolina, ' but the overture was 
unsuccessful. 

MCnC institutions also have some catching-up to 
do. One QE engineer was "astonished to find that RTI 
arid the universities were doing advanced work in gal- 
lium arsenide and related semi-conductor materials 
but not in silicon. "That's where the state-of-the-art 
advances will be made, so it's extremely important to 
get into silicon if you want to -attract microelectronics 
corporations. " Herbert admits that "we have fallen 
behind in the development of ICs on silicon chips, but 
new MCriC Programs will focus on bringing us up-to- 
date. Our main facility will include the latest equip- 
ment for fabrication of silicon-based circuits designed 
locally or at other microelectronics centers that do not 
have processing capabilities." 

Q. Minnesota MEIS 

GE, through its California-based Calma Company, 
also contributed $500,000 worth of CAD equipment 
to the new Microelectronic and Information Sciences 
(MEIS) program at the University of Minnesota. In 
addition, MEIS attracted approximately $2 million 
each from Control Data and Honeywell, and about 
$1 million each from Sperry Univac and 3M. "Our 
target budget is $10.3 million for the first four years/' 
declares MEIS director Robert M. Hexter, "and.we have 
a schedule for approaching other corporations." nsr 
matched $200,000 of industry funds to renovate a 
microelectronics laboratory with a small fabrication 
capability on the Minneapolis campus of the Univer- 
sity's Institute of Technology. 

MEIS will support basic research projects initiated 
by member and non-member corporations and by faculty 
from the mother school as well as other universities. 
"In most but not all cases, we require matching funds 
from a federal grant or other source," Hexter explains. 
Research will be concentrated in four areas: circuit- 
design automation, software engineering, microelec- 
tronic devices, and materials research. The university's 
expertise in the latten field won it a 4-year, $1.4 million 
nSF grant to establish a regional facility for surface 
analysis. At MEIS, a board of five industry and eight 
university directors rnakes decisions about project 
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funding. Their actions are subject to approval by the 
UM Board of Regents. 

Unless a research contract specifies otherwise, 
MEIS owns patent and copyright rights to hardware 
and software developed in its program. "These can be 
licensed to anyone/' points out Walter Bruning, Con- 
trol Data's representative on the board. "Affiliates have 
royalty-free rights up to the^xtent of their contribution. 
We want MEIS to become financially self sufficient as a 
result of grants, contracts, and royalties." 

As an end product of discussions between Hexter, 
Bruning and others about university-industry synergism. 
Control Data gave the university a challenge grant of 
$2.3 million in December, 1979. "We had to raise 
another $3 million in 12 months or return the money," 
Hexter says. "We raised it in eight months. ' The grant 
according to Bruning, was stimulated by nsr's estab- 
lishment of the Regional Instrumentation Center for 
Surface Analysis. This is a good example of seed 
money spent by the federal government followed by a 
major private-sector commitment to get a partnership 
going. "The Japanese have become our main competi- 
tion primarily because of such government-industry 
cooperation," Bruning says. 

Control Data expects its investment to support 
faculty to train more skilled graduates. "We also want 
universities to upgrade their equipment and have 
access to modern industrial labs," comments Bruning. 
"Additionally, cooperation offers super-opportunities 
for technology transfer from universities to industry 
and for universities to obtain substantial revenues 
from royalties." Honeywell vice president Jerry Dineen 
states flatly that "the principal reason we contribute 
to MEIS is to assure ourselves of an adequate supply of 
well-trained people. We expect to achieve this. We also 
hope for, but do not count on, a synergy between- 
Honeywell's research program and the program at the 
university, rinally, we hope to contribute to the health 
of the whole industry by supporting long-range, funda- 
mental research in high-risk areas. " "All our projects 
will involve fundamental research of the kind that most 
corporations cannot afford to do but that is needed to 
keep us competitive with other countries, ' remarks 
Hexter. 

The MEIS program has been criticized for its deci- 
sion not to construct a central facility. "They could 
have trouble attracting faculty and students, " believes 
one observer. "A centrally located facility is a very posi- 
tive thing— one that it is difficult to do without" adds 
Dineen. Hexter answers: "Having a custom-made facility 
in the middle of the campus would be terrific. But an 
estimated $8 out of every $10 spent for basic research 
goes toward buildings and equipment and we would 
prefer to spend that money on good people and good 
research. " Control Data, as a compromise, seeks to 
rent MEIS a building it owns near the campus. "We 
have proposed lease-holder improvements to accom- 
modate MEIS, the surface analysis center, and materials- 
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research facilities funded by DoD/' Bruning says. ' I 
feel confident that we will develop a central site as 
momentum in the program increases " 

H. national Facility for Submicron Structures 

Materials research such as that going on at MEIS 
and the surface analysis center is becoming more 
crucial as the microelectronics revolution accelerates 
into its next phase— circuit devices v^^th dimensions 
smaller than one micron. ' At this point electronics 
has penetrated almost every aspect of our lives/' notes 
Joseph M. Ballantyne, director of Cornell University's 
School of Electrical Engineering. "But ever greater 
changes and impacts lie ahead with the decrease in 
size, cost, and energy requirements that will come v^^th 
introduction of submicron circuit structures." 

The shift also will aggravate some existing prob- 
lems. As devices become vanishingly small, the cost of 
cquipntcnt to fabricate and test them becomes prodi- 
giously large. Only the largest companies can afford 
them. Universities do not possess funds to purchase 
state-of-the-art machines to train students. FiSF, in 
1976, reacted to this situation by organizing a series 
of workshops to explore the feasibility of establishing 
a national laboratory for research on submicron struc- 
tures. Academic and industrial scientists could per- 
form at a central facility a broad range of research 
which riSr does not have the resources to fund at a 
large number of Individual laboratories. An overwhelm- 
ing concensus favored the concept and, after reviewing 
proposals from universities, government and non- 
profit laboratories, nsr announced, in July, 1977, that 
it would support establishment of the national Re- 
search and Resource Facility for Submicron Structures 
(riRRFSS) at Cornell. 

The Foundation provided funding of $6.65 million 
for the first five years. Cornell contributed $5 million; 
$3.8 million of this in construction and renovation and 
$1.2 million for equipment. About 3,000 square feet 
of existing space was renovated and a new 8,000 
square-foot facility was dedicated on October 1, 1981. 
Initial nSF support extended from July 1,^1977 to 
June 30, 1982. Edward Wolf, who succeeded Ballantyne 
as riRRFSS director in July, 1978, says that the facility 
requested approximately $13 million for its second 
five years. This breaks down to $1.4 million for opera- 
tions, $500,000 a year for Cornell-faculty research proj- 
ects, and the remainder for equipment. 

Research at the facility "reaches beyond that in 
industry," notes Ronald J. Qutmann, who oversees 
riRRFSS for nSF. "Except for a few giant corporations, 
most research is riedicated to improving what already 
exists. Industry doxis not have time and funds to invest 
in understanding basic phenomena, particularly at 
submicron sizes. Yet this understanding is necessary 
for new devices and for insight into why devices do and 
do not work. Universities cannot provide this under- 
standing without sophisticated, state-of-the-art equip- 
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ment and concomitant resources.lndustry and aca- 
demia move, forward incrementally, while the idea of 
the submicron facility is to leapfrog evolution and pro- 
vide the knowledge base for revolutionary advances in 
m icroelectronics." 

The goals of the facility are: 1) to promote and 
carry-out research to advance submicron technology, 
and to train engineers and scientists in this field; 

2) to provide a resource for the academic community 
and for industry to use to fabricate advanced devices 
or research structures with submicron dimensions; 

3) to stimulate innovative research by all investigators 
whose work can benefit from use of the facility or will 
shed light on fundamental physics or materials prob- 
lems that affect submicron technology; 4) to keep the 
technical community apprised of the capabilities of 
riRRFSS and the work done there. 

In keeping with ihe first goal, the facility has 
$500,000 per year to support Cornell researchers, 
including resident Ph.D. candidates. In implementing 
the second goal, priority goes to representatives of 
academic institutions. Although researchers from 13 
other universities used facility resources during its first 
four years of operation, Cornell faculty accounted for 
the major portion of use. This generated criticism 
about accessibility, and Wolf is attempting to raise 
visitor time to 50 percent of the total. Industry users 
include researchers from Westinghouse, QTE, QE, 
Eastman KodaK Varian, Bell Laboratories, Microwave 
Associates, Honeywell IBM, and ITT. They pay a modest 
fee of $50 to $200 per hour, depending on the equip- t 
ment used. Research is not confined to semiconductor 
worK* it includes studies of superconducting Joseph- 
son junctions, microwave circuits, structures for inte- 
grated optics, surface-wave devices, amorphous metals, 
ultrapressures, and a variety of other areas. 

Those who wish to use the facility submit a short 
proposal that outlines the objectives of their project 
and estimates what equipment would be used and for 
how long. A program committee, composed of four 
people from Cornell and six from other universities, 
together with a non-voting PiSF representative, reviews 
these proposals. Cornell members do not vote on pro- 
posals made by researchers from other universities. 
The users' funds support approved projects. Per-hour 
rates for equipment use are less for academic than for 
industry researchers. A poli<^ board, which deals v^^th 
long-term planning, facility objectives, and operation 
guidelines, consists of members from industry and 
universities, including those affiliated v^^th the micro- 
electronics centers. 

Investigators also can interact with riRRFSS through 
nSF's industry-university cooperative-research pro- 
gram. During fiscal 1980, this program spent $10 mil- 
lion on joint basic-research projects, including $1.06 
million on nine projects in the fields of solid-state 
microstructures engineering and computer science. 
This program has, however, been criticized for its 
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lengthy processing procedures, normal riSF peer re- 
view of proposals is time-consuming, and further time 
may be consumed in negotiating the necessary admin- 
istrative agreements between the company and the 
. university. Industrial research managers are accus- 
tomed to moving faster than these procedures permit 

I. Assessment 

University-industry cooperative centers also are 
being planned or developed at several other locations 
in the U.S., including Carnegie-Mellon University in 
Pittsburgh and Rensselaer Polytechnic Institute (RPI) 
in Troy, riY. RPI invested $1.1 million of its own funds 
and plans to raise $30 million from industry by 1986 
to support its new Center for Integrated Electronics. 
Considering all these efforts, nsrs Stephen ^al-^ne char- 
acterizes the state of government-industry-univcrsity 
cooperation in microelectronics as "helter skelter." 
' There exfsts no nationally accepted way to do things 
because each company and university attempts to 
satisfy its own needs/' he says. "Some of the arrange- 
ments will succeed and some will not but the result 
will be a patchwork of regional centers." Many people 
in the industry and academia do not feel that this 
would be bad. 

It is unlikely that any of the centers will survive 
without continued federal research support, as the sit- 
uation tb date shows. In 1980, investigators in labora- 
tories and departments considered part of Stanford's 
CIS received $9 million in federal research grants/ 
contracts, more than two-and-a-half times the annual 
membership revenue pledged by industry sponsors. 
Caltech's Silicon Structures Project receives $200,000 
annually from nSF to support graduate students and 
depends on DARPA funds for its VLSI design and fabri- 
cation program. MIT cannot build its planned new fab- 
rication center without federal funds, and DoD proj- 
ects are expected to dominate research there for the 
foreseeable future. California provided funds to build 
a center at UC, Berkeley, but federally sponsored re- 
search will be needed to keep it going. The institutions 
that make up the Microelectronics Center of North 
Carolina currently receive about $10 million in federal 
research grants and contracts, and the State provided 
$24 million in the expectation of attracting more fed- 
eral dollars. A major underpinning of MEIS is the fed- 
erally supported Regional Instrumentation Center for 
Surface Analysis, and the program hopes to attract 
money from DoD, nSf, and other agencies to match 
industry funds. 

Given continued federal support, industry and aca- 
demia are still sizing-up each other. Most of the par- 
ticipating corporations say that it is too early to decide 
about funding the centers beyond the present com- 
mitment The comment of John Doyle, is typical: "I 
have no reason to feel discouraged, but I don't have 
much reason to be satisfied because we have not 
achieved much yet ' 



Industry does believe, however, that continued 
cooperation is vital to combat what it sees as the major 
threat to its health. '1n 15 years or less, the Japanese 
will dominate the worldwide IC market unless we all 
pull together to do something about it ' opines Del 
Thorndike of Digital ilairpment Corporation. "The U.S. 
must bring together the elements of government, 
industry, and academia to form an effective USA, Inc.," 
comments Brian Dile. "Otherwise, the U.S. will get 
buried in the next 10 yei:;rs by Japanese technology. 
We have made a b*^c«inning; university and industry 
people sit down together to discuss mutual problems 
and work with each other in laboratories. They have to 
do more of this and the government— state and fed- 
eral—should do all that is possible to make it easier." 

Progress is being made despfte mutually negative 
stereotyping, but prejudices must be overcome for 
success to be achieved. Many academics sec the ar- 
rangements with industry as a threat to intellectual 
freedom and the responsibility, of universities to seek 
knowlede for its own sake.' They believe that their 
institutions have "sold out" to corporations. Some 
industry people regard the universities to which they 
contribute as "an endless hole for money for which we 
get little in return," or "ai group of professors who will 
not give up their independence to participate in inte- 
grated or team research activities." "University people 
are accustomed to working as principal investigators — 
as sovereigns of their research projects," Doyle points 
out "Corporate scientists work as equal partners on 
teams whose goals are defined by management Large 
amounts of understanding must be achieved before 
these two types work together successfully. We are talk- 
ing freely and openly about this, but we have not done 
any research yet" 

Industry praises arrangements they regard as 
involving team efforts but criticizes those where "pro- 
fessors act in a vafcuum." "Berkeley is putting together 
a group of device physicists,'computer scientists, and 
circuit-architecture people who work together," notes 
John T. Mendel of Hughes Aereospace Corporation. 
"And the MICRO program has a bottom-up approach 
wherein projects come from professors and corporate 
technical people working together. This makes that 
university sensitive to the needs of industry. Other 
centers have a top-down approach; direction comes 
from deans and department heads who may not be 
interested in the same problems as individual pro- 
fessors or corporations." Hughes decided, on this 
basis, to participate heavily in the MICRO program but 
to not contribute to Stanford. 

IBM's Tom Horton represents another point of 
view. "Its naive to expect specific benefits from these 
arrangements," he insists. "If a company wants some- 
thing specific, they should negotiate a contract for it 
You have to support these ventures on the faith that 
they will lead to new, useful knowledge, successful 
technology transfer, and more weli-trained people 
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which will keep the Industry healthy in the face of 
worldwide cotfipetltlon." A number of corporations 
accept this view and voice satisfaction with the cooper- 
ative ventures. Don Patterson reports that QE believes 
that its commitment to the MCHC is "well worth it from 
the point of view of educating company people, gaining 
new knowledge, and having a chance to recruit good 
people." 

Because no nationally accepted way to do things 
exists, and the patchwork of microelectronics centers 
is becoming more dense, a company that is not satis- 
fied with the policies of a university can look elsewhere 
• to fulfill its needs. Centers such as CIS have a heavy 
commitment to processing technology; others, such 
as Caltech and MIT, possess expertise in circuit design 
and software. Yet others try to achieve a balance and 
be attuned to the requirements of companies in their 
geographic area. The growing number of centers creates 
what Bruning calls "a cooperative venture attitude," 
that will certainly lead to more and different types of 
arrangements. "We expect to see more of the type of 
cooperation that Control Data has pioneered," he pre- 
dicts. "Ourcompany works successfully with Honeywell 
- and nCR In sharing research and development^ but 
this does not prevent us from being very competitive in 
marketing." The Semiconductor Industry Association, 
a trade group, has established the nonprofit Semicon- 
ductor Research Cooperative through which it plans to 
spend $20 million on long-term research at universi- 
ties in 1982-4. (See Chapter I). 

Doyle concludes that "the sociological part of the 
university-industry experiment will be more difficult 
than the technical." There are no concrete results yet," 
he admits, "but people from both sides are trying hard 
to work together" Stanford's president Donald Kennedy, 
echoes these /sentiments: "There are fundamental dif- 
ferences between what universities are willing to pro- 
vide and whall industry requires. Plot infrequently, there 
also are di|fei*ences between the conditions set by uni- 
versities and thq^e .acceptable to industry. Satisfactory 
arrangements, not only in the field of microelectronics 
but in biotechnol|)gy, energy research and other areas, 
require special often demanding negotiations. That's 
not a minor chore, but neither is it an insurmountable 
one." > 

A big step in this direction was taken in March, 
.1982, when university presidents, faculty members, 
and businessmen with connections to the academic 
institutions met in seclusion at Pajaro Dunes on the 
California coast. The presidents of Stanford, Caltech, 
MIT, University of California, and Harvard discussed 
the problems of collaboration vAth representatives of 
' 1 corporations. The meeting focused on commer- 
cialization of biology but the issues do not differ sub- 
stantially from those involved in microelectronics ven- 
tures. Tlic conferees set no policy, and they agreed to 
leave resolution of the more contentious issues— such 
as conflict of interest patents and licenses, and dis- 



closure of research contract provisions— to individual 
university faculties. They did, however, agree on the 
■■' necessity to preserve academic freedom and values, a 
consensus that Harvard president Derek Bok called 
"reassuring." A'surrrmary draft statement declared that 
"research agreements and other arrangements v^rith 
industry (must) be so constructed as not to promote 
secrecy that will harm the progress of science, impair 
the educational experience of students and postdoc- 
toral fellows, diminish the role of the university as a 
credible and impartial source, interfere with the choice 
by faculty members of the scientific questions they 
pursue, or divert the energy of f;aculty members and 
the resources of the university from primary obliga- 
tions to teaching or research." 

J. Involving the Federal Government 

The success of arrangements resulting from In- 
dustry-university collaboration depends heavily on 
assistance from the federal government This does not 
have to come solely, or even principally, in the form of 
increased spending; instead, it might involve changes 
in allocation of funds, tax incentives, and reduction or 
clarification of regulations. 

Several corporate sponsors want their 'contributions 
used to support research rather than to construct facil- 
ities and buy equipment "Until World War U, buildings 
were constructed by federal and state governments, 
and engineering research was supported mainly by 
industry," obse'rves Tairchild's Hogan, "Plow the situa- 
tion hasTCversed. The government only wants to spon- 
sor research, and industry finds itself funding brick 
and mortar, something it does not want to do." Turin 
of UC, Berkeley agrees: "State and federal funds tradi- 
tionally were used for buildings and equipment but 
universities now go to industry for this." 

Industry wants changes in the* targeting of funds to 
be coupled with tax benefits. The Economic Recovery 
Tax Act of 1981 (ERTA) provides tax incentives for 
equipment makers to donate items of their own manu- 
facture to universities. Therefore, notes Intel's Emil 
Sarpa, "PISF and other agencies can designate more 
grant dollars for research and facilities and less for 
equipment Microelectronic centers should be able to 
procure the equipment they need from corporate 
sponsors. Federal guidelines for grants could even re- 
quire that potential grantees make an effort to acquire 
equipment that they need in this way." Analog Devices' 
Graham Sterling wants to go further by convincing the 
government to extend ERTA incentives to all donors of 
new and used equipment whether or not of their own 
manufacture. 

Industry is not alone in seeking tax breaks for the 
research it supports. "As our national attention is fixed 
on the extraordinary difficulty of paring back govern- 
ment expenditures, one hears it asserted that the pri- 
vate sector can be expected to accomplish those 
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things from which the government now proposes to 
withdraw/' Donald Kennedy told the Senate Finance 
Committee in May 1981. 'The plain fact is that signifi- 
ciint changes in private-sector support, especially for 
research, will require new Incentives. I simply do not 
believe that significant sources of funds exist in the 
private sector that we are not now tapping/' 

The ERTA provides such Incentives in the form of 
tax credits for 65 percent of the cost of research con- 
tracted to a university. Sterling and others would like 
this changed to 100 percent Other corporate repre- 
sentatives mention the need for additional write-offs 
against internal R&:D allowances for participating In 
matching-fund programs such as MICRO, or consortia 
such as that proposed by the Semiconductor Industry 
Association. Sterling also suggests that the ERTA "safe 
harbor leasing " concept which allows corporations to 
sell tax and depreciation credits, be extended to uni- 
versities and other non-profit institutions. "If this were 
done/' he comments, "universities could obtain 40-45 
percent effective discounts on. capital equipment that 



they purchase with their own funds to Keep their lab- 
oratories current with high technology." 

Other items on industry's "wish list" Include more 
support for graduate students, tariffs on imports of 
Japanese electronic products equal to those levied 
against imports of U.S. goods, and antitrust regulation 
that allows more corporate cooperation in research 
and development "Control Data and Honeywell broke 
the ground In this area/' Doyle says, "but we (Hewlett- 
Packard) would not feel comfortable doing the same 
thing with IBM or Digital Equipment under the present' 
restrictions/' -..^ 

Some of industry's wishes obviousIyare"sel£:setving. 
Others could provide ways for government torfr^e* 
university-industry collaboration easier without adoi- 
tional expenditure. They could make the sociological 
part of the experiment less difficult and facilitate 
growth of a USA, Inc., not of the same type as Japan, 
Inc., but effective in helping universities and corpora- 
tions solve nagging problems, and the nation io retain 
its dominance in the microelectronics revolution. 
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CHAPTER I 



IMTRODUCTIOri 

On 27 April 198L the national Science roundation 
hosted d one-day Workshop on Intellectual Property 
Rights in Industry-University Cooperative Research. 

The purpose of the workshop was to find out 
whxjthc* intellectual property issues were inhibiting 
cooperative research and, if so, how. The intent was to 
identify problei.is that require further study or correc- 
tive action — even if not necessarily by the nSF. 

The workshop included participants from busi- 
ness, academia, and Government. An at^^mpt was 
made to obtain a cross-section of opinion in each of 



these three sectors by inviting persons from a variety 
of positions within representative organizations. At- 
tendees are listed in Appendix A. 

This report summarizes the five major topics 
discussed: 

• Benefits and dangers of cooperative research, 

• Cooperative research and intellectual property 
rights, 

• Trade secrets and proprietary information, 

• Patent rights, 

• Solutions and further actions. 
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CHAPTER II 



BENEriTS AND DANGERS OF 
COOPERATIVE RESEARCH 

Underlying the workshop was an implicit assump- 
tion that cooperative research should be encouraged. 
This reflected both the policy of the PISF and the per- 
sonal judgment of the workshop planners. Since the 
participants Vi/ere selected partly for their known inter- 
est in and experience with cooperative research, most, 
if not all, approved that policy and shared that judg- 
ment. However, comments of participants several 
times raised dangers and drawbacks of cooperative 
research as well as opportunities for universities, 
firms, and the research community. 



A. Reasons for undertaking cooperative,research 

One university representative declared that indus- 
try-university cooperation, or "coupling", is an essential 
part of the technology transfer process. Universities 
and firms must attempt to move the latest scientific 
discoveries from campus laboratories to the produc- 
tion line if America's productivity and balance of pay- 
ments difficulties are to be solved. He also noted that 
cooperative research is vital for engineering and ap- 
plied sciences because feedback from industry helps 
-to-cstat?lish-DOth research direction and-edueational 
emphasis." Several academic participants commented 
that reduced Federal spending is forcing universities 
to find other support for research. University researchers 
and administrators must seek funds from industry for 
the same reason Willie Sutton robbed banks: "Because 
that's where the money is. ' 

One business participant opined that much coop- 
eration between individual faculty members and firms 
takes place without the knowledge of the universities. 
Cooperative research programs merely formalize and 
control an inevitable phenomenon. 
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B. Dangers of cooperative research 

Among the doubts and misgivings expressed were 
those of one academic participant who was concerned 
about the effect of interactions between highly-struc- 
tured business (which he termed "crystalfine") and 
largely unstructured university research departments 
("liquid" or, jokingly, "gaseous"). He feared coopera- 
tive research might adversely affect the focus and func- 
tioning of academic researchers. 

Participants from all three sectors worried that 
industrial support could pervert universities' priorities, 
channeling research into areas that produce short- 
tprm profits from those that advance scientific knowl- 
edge. In particuU: some fear that Federal budget cuts 
will cause a "gold rush" towards industrial sponsor- 
ship, particularly by smaller or less-prestigious univer- 
sities. This might trigger a "race to the, bottom", as 
universities compete for industrial support by com- 
promising their principles. One academic research 
administrator said th'aft such pressures are already 
great at smaller universities. An industrial participant 
noted that academia cannot rely upon the generosity 
of strangers to save them. If a university offers its birth- 
right for a mess of pottage, a business firm Vi^ll take 
the bargain. 

According to one university researcher, coopera- 
tive research projects should be on the basic end of 
the research spectrum. Firms should come to univer- 
sities not for answers to specific problems, but for 
knowledge to cure deep ignorance. An industrial par- 
ticipant agreed that cooperative projects should focus 
on basic research, the traditional province of campus 
researchers, rather than applied research or develop- 
ment the main concern of firms' "in-house" researchers. 
He said that applied research and development are 
naturally, more likely to produce results that have 
immediate commercial significance and that conse- 
quently firms want to impose greater restrictions on 
applied research and developmental projects. He rioted 
that universities must expect to incur "in-house"-type 



263 



restrictions if tliey seek to perform "in-liouse '-type 
research. 

A representative from a public university said tiiat 
universities, both state-chartered and private nonpro- 
fit have to carefully avoid going into the research 
"business" for practical as well as philosophical rea- 
sons. Me identified Federal tax problems and conflicts 
with small research companies as possible results of 
increased university involvement with applied research 
or development. 



C. Consensus 

The consensus of the participants was that coop- 
erative research — on the whole, at its present volume, 
•and as currently conducted— is clearly good for both 
universities and industry. Cooperative research, how-, 
ever, is not without its dangers, which may be exponen- 
tially related to the volume of cooperative research or 
the proportion of cooperative research to total univer- 
sity research. 
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CHAPTER III 



COOPERATIVE RESEARCH AMD 
INTELLECTUAL PROPERTY RIGHTS 

A. Intellectual property rights matters inhibit 
cooperative research 

The participants agreed that intellectual property 
rights sometimes prove a stumbling block to industry- 
university cooperative research. A research adminis- 
trator. noted that in the industrial fiortheast less than 
four percent of academic research was industrially 
sponsored. He said that time and again during coop- 
erative research negotiations, at meetings of govern- 
mental* commissions, and in private discussions with 
businessmen, patents were given as the reason firms 
do not sponsor niore on-campus research. Others 
echoed this observation, although the thought was 
expressed that intellectual property problems might 
occasionally be more excuse than reason for failing to 
undertake cooperative reseaich. 

'All agreed that intellectual property rights are a 
stumbling block— an inhibition— not a roadblock to 
cooperation. In many cases, the problems are more 
apparent than real. However, firms and, on occasion, 
universities may not bother to investigate beyond the 
appearance. One participant thought that cooperative 
research, like any new activity, is often the victim of 
inertia. Intellectual property rights problems inhibit 
cooperative research not because they are so serious 
or difficult to resolve, but because they abet such 
inertia, causing delay and nuisance both within and 
between the organizations involved. 

B. Industry-university negotiations difficult 

Many explanations were offered for difficulties in 
industry-university negotiations. The differing struc- 
tures of a university and a firm might be to blame. A 
research administrator noted that both university and 
business hierarchies resemble pyramids, but that the 
academic pyramid stands on its apex, not its base. He 
said that business negotiators were often surprised— 



or appalled — to learn how often university policies are 
established by the faculty and cannot be modified by 
the research administrator or even the university 
presicent. 

The perspectives of business and academia differ 
as well. As an industrial representative noted, firms are 
accustomed to purchasing goods and services through 
binding contracts. Universities, on the other hand, get 
the bulk of their external research funding from appro- 
priations, donations, or Federal grants, which attach 
relatively few conditions. A flrrn's contract adminis- 
trator seeks to protect its interests through standard 
contractual "boilerplate". Academic administrators 
and researchers naturally resist what they perceive as 
unusual restrictions on university research activities. 
Each side resents the other's departure from standard 
operating procedure. (One of the Federal employees 
suggested that the same clash of perspectives can 
occur when a Government agency supports research 
as a "procurement" rather than "assistance" activity.) 

The clash of perspectives seems to be only one 
symptom of a more serious problem— a failure to ade- 
quately understand the other party's interests. From 
the comments made by university participants, this 
misunderstanding iies mostly, though not exclusively, 
on the industry side. As an academic with much expe- 
rience in cooperative research noted, firms sometimes 
forget that a university is notjusta research performer^ 
Universities have three institutional responsibilities: 
advancement of knowledge; education, and public ser- 
vice. The last of these is particularly important for 
state-run universities, which get most of their funds 
through a political process. 

C. Intraorganization obstacles 

Some of the participants indicated that industry- 
university differences and misunderstandings are fre- 
quently Icjss troublesome to cooperative research than 
intraorganizational ones. Several persons commented 
that academic and industrial scientists seldom have 
trouble in identifying and designing worthwhile research 
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projects. The difficult cooperative research negotiations 
- iirc- thosG^bctw^en .staff-lr^esear^h adrnmistrators and' - 
lawyers), not line (researchers). Some believe this phe- 
nomenon is partly explained by the fact that an orga- 
nization's staff may have a better, broader, view of 
organizational responsibilities, priorities, and goals. 
Legitimate concerns of the university or firm may not 
he apparent to the researchers. A few participants, 
however, felt strongly that cooperative research nego- 
tiations also often run afoul of the specialized con- 
cerns and narrow interests of university or industry 
staff who handle negotiations— that the tail wags the 
dog. If true, this might explain the disproportionate 
difficulties intellectual property rights, particularly 
patents, create in negotiating cooperative research 
arrangements. 

Everyone at the workshop agreed that patents are 
the intellectual property rights issue. Copyrights were 
hardly mentioned and trade secrets reportedly seldom 
cause serious disagreement between universities and 
firms. One participant noted that in his experience, 
once agreement on patent rights is reached, other 
intellectual property rights questions are quickly re- 
solved. A major reason for this is probably that patents 
are perceived to be more valuable than other forms 
of intellectual property. Another reason might be that 
patents are "countable " If a trade secret is disclosed, 
the economic advantage that might have been pro- 
vided by exclusivity is forever unknown. The value of 
an itivention that is disclosed but not patented is also 
forever unknown. If a patent is obtained, however, the 
economic value of the underlying invention may be 
identified and traced. "Countability" begets accounta- 
bility. Someone can be held accountable for not having 
obtained rights to an invention at the time of negotia- 
tion, at the time the invention is made, 6r at any time, 
during the seventeen-year life of the patent, nobody 
wants to be labeled ' the one who gave away the gold- 



mine patent". The only way to insure against later 
• regrets-xit-not having obtained- patent-rightsJs_tO-ob:^ 
tain patent rights. The natural human fear of failure, 
or of being seen to fail, presses the negotiator into an 
uncompromising position. Unfortunately, this pres- 
sure affects both industrial and academic negotiators. 
Conflict and even stalemate can result. 

Some at the workshop, chiefly nonlawyers, were 
convinced that intellectual property rights negotia- 
tions are particularly difficult because they are usually 
handled, directly or indirecJy, by lawyers. Lawyers are 
heavily involved vAth intellectual property righ^ because 
intellectual property, more thcin real or personal prop- 
erty, depends on satisfaction of legal conditions. Infor- 
mation does not become a trade secret unless it has 
certain attributes and, more importantly, is treated by 
its owner in a certain way. A writing is not fully pro- 
tected by copyright (even under the 1976 Copyright 
Act) unless certain formalities are observed. A pat nt 
cannot be issued unless the invention and patent 
application satisfy the statutory criteria. Tor this rea- 
son, intellectual property rights matters are the par- 
ticular concern of lavyyers. Lawyers, by training and 
(some argue) by nature, are cautious individuals, for- 
ever guarding against the la^vsuit that never occurs. 
Adding lawyerly caution to human f^ar of failure in- 
creases the "viscosity" or "friction" caused by patent 
negotiations ir< ' : . /-^miversity dealings. 



D. Consen - V. 

The conr-cnsus Ui^ p)articipants was that though 
cooperative rcsf^irch Vic:; otiations, particularly on In 
telleclual prr je^l^, are of;; n difficult because of int x- 
sectional mis i?!dt/'::-t^* 'ngs and intraorganizat! nal 
interests, con'prot^'.i5.f ^nd understanding can resolve 
the difficulties 
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CHAPTER IV 



TRADE SECRETS AMD 
PROPRIETARY JMFORMATIOM 

Trade secrets and proprietary information, while 
potentially a source of great conflict between academia 
and industry, appear to be nonissues in most coopera- 
tive research arrangements. The participants reported 
that problems result most often from lack of thought 
6\ preconceptions, not from ain basic conflict between 
academic and business ethics. There was general 
agreei lent on appropriate protection of a firm's pre- 
existing trade secrets and prompt publication of re- 
search results. 

A. Pre-existing secrets 

tlveiyone agreed that a firm must protect its pre- 
existing secrets and that secrecy would conflict with 
the education and advancement of knowledge func- 
tions of the university. This general conflict however, 
apparently causes few specific problems. Only one in- 
stance was mentioned in which secrecy questions pre- 
vented cooperative research. That involved a refusal by 
a firm's lawyer to modify or omit some standard secrecy 
boilerplate" — a clash more of perspectives than of 
es: "iitial interests. 

There may be few probl 2ms in this area chiefly be- 
cause firms fiavc elected to keep their trade secret- 
related research entirely "in-house". One industrial 
part|cipant.opined that a firm would be foolish to en- 
trust a valuable tr-ade secret to outside researchers, 
whether academic or industrial. A decision that trade 
secret-related research is inappropriate for coopera- 
tive research might result from a firm's judgment that 
universities cannot or will not keep secrets. An aca- 
demic research administrator noted that universities 
undeniably can keep secrets (the Los Alamos atomic 
research facility, after rill, is run by a university), but 
that many have policies wtiich rule out "secret research". 



What ih j^Ticuit or forbidden at the institutional 
level, hiviveven can appart ^Uy often be accomplished 
by individuals. Wtien un^ 'crsity researchers do research 
in industrial laboratonvd^s. one academic said, they do 
often sigr: oonfidni;tialRy agreements. 

A businc.^sr;v.^i; r^oied that in fact technical trade 
secrets are seidon'. r' iss ue. Proprietary information — 
such/as the fact thai a firm was exploring a certain 
tecl;?^nology or planning to enter a particular market — 
is more often Involved. Plo one saw a conflict between 
academic resporjsibilities and nondisclosure of that 
kind of infcr^iation. 

B. aecrccy of results 

There was also general agreement that the results 
of cooperative research shou5d be made public. The 
industrial participants recognized the university research- 
ers' need to publish, both to exchange infoVrjiation 
and to establish academic credentialis. An academic 
participant said many fTrms feel that the inevitable 
delay between submission and publication gives these 
firms sufficient advantage over their competitors. 
Everyone agreed thatydelaying publication for a limited 
time v.o permit filino/of patent applications is reason- 
able, f*eriods of de|ay ranging from thirty days to one 
year .vere mentioned: One firm's patent attorney even 
suggested that a time limit would help avoid tardiness 

in filing. / ; 

/' 

C. Consensus 

The consensus of the participants was that a 
firm's pre-existing secrets should and could be pro- 
tected and that except as necessary to protect patent 
rights, publication of cooperative research results 
should not be restricted. / 
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CHAPTER V 




PATEMT RIGHTS 

A. Basic/patent rights 

Rcpr/escnlatlves of some companies and universi- 
ties sayyihat they Insist on "title" to or "ownership" of 
patents. This can be misleading because "ownership" 
of a patent though typically evinced by holding legal 
title to it, actually consists of a package of different 
legal rights. Tew— If any— negotiators need or really 
insist on having all of these. 

The basic rights secured by a patent are: 

1. The right to exclude others from practicing 
{making using or selling) the invention (This 
is the basic legal right secured by a patent, 
and Is enforced by prosecuting infringers). 

The right to practice the Invention (without 
being prosecuted for infringement). 

The right to license others to practice the 
invention. 

The right to license the right to exclude others, 
and 

5. The right to receive royalties from those li- 
censees. 

The legal "ov^er' . o 
any or even all of these rights by a patent license. Cor- 
respondingly, a person may acquire, through license, 
any or even all of these rights v^/ithout having title to 
the patent. If the "owner" licenses all patent rights, 
retaining only bare legal title, the licensee becomes 
owner for ail practical purposes. 

B. Strategies and interests 

Some of the Industrial representatives at the 
workshop said that their firms vAsh to be able to take 
. advantage of the so-called "patent monopoly" and ex- 
clude their competitors from practicing an Invention. 
Most companies follow this "exclusive" strategy". Other 
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business participants, however, said that their com- 
panies only want to assure their own access to relevant 
technology and do not care whether others may prac- 
tice an Invention. They thus follow a "nonexclusive 
strategy". One person noted that his firm follows 
both strategies depending on its contribution to the 
research and the Importance of the particular technol- 
ogy to Its markets. 

To pursue an exclusive strategy, a firm should 
"own" (i.e., control) at least the first fo.ur, and ideally 
ail five, basic patent rights. To pursue a nonexclusive 
strategy, on the other hand, a firm need only obtain 
or retain one— the right to practice the invention. 

Universities have three primary interests In patents. 
Primarily, they (and particularly their patent adminis- 
trators) want to share In the Income. generated by uni- 
versity inventions. Second, they wish to protect them- 
selves against charges that they have conspired to 
suppress or impede a new technology by ensuring that 
such Inventions are commercialized. Finally, they wish 
to minimize the legal complications of commingling 
research support. To satisfy these interests, universi- 
ties would prefer to "own" all five basic patent rights. 



Problems between universities and 
exclusive-strategy firms 



~ ~'T]Te^ firms and 

universities is obvious, since both ideally would like to 
have complete control of the patent rights, although 
for different reasons. Three issues seem to dominate 
negotiations in these cases: ownership of title, control 
of exclusivity, and, last but not least, royalties. 

Ownership of title— in itself mostly a matter of 
form, not substance— Is often the threshold Issue. The 
critical point, of course, is not "bare legal title" but 
who controls the Important patent rights. (Astute nego- 
tiators, recognizing that may be able to trade "bare 
legal title" for substantive concessions.) Universities 
do have a valid reason for wanting title as such — the 
commingling problem. Separating research funding 
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sources is a difficult or perhaps impossible task in 
tlie infornial academic environment. Under Federal 
ciratits, which support most academic research, the 
university can retain ' title" to Government-supported 
inventions without difficulty, but cannot assign it with- 
out permission and holds it subject to certain Federal 
ri^lhts. If a university obligates itself to assign an inven- 
tion to a flrni and then discovers that through com- 
mingling, the invention also received support from the 
Government or another Hrm, it may find itself in the 
positioti of having sold something twice. The universi- 
ties may also want legal title for political reasons, since 
fciculty members or state legislators unsophisticated 
in patent matters might equate not taking title with 
surrendering all patent rights. Why some companies 
insist on "title" is unclear. 

The second issue is who will control the patent 
exclusivity and so determine who may practice the 
itivetition. The firm wants to be able to practice the 
invention itself, or not, and to license others, or not, 
as it determines is best for its business. If the firm 
sees that profits are maximized by keeping the price 
of the patented product high, it will do so. If it deter- 
mines that its investment in an alternate technology 
would be destroyed, it may choose not to practice or 
permit others to practice a patented process. (Several 
investigations, however, have shown this last to be 
more a theoretical possibility than an actual practice.) 

These practices are consistent with the univer- 
sity's desire to maximize its patent income (provided, 
of course, that the firm shares its profits or savings), 
but not with its public service responsibilities. The 
university, whether a public or private organization, is 
seen by its faculty, its students, and the general public 
as havitig a responsibility to promote the public inter- 
est. After all, state institutions and nonprofit organiza- 
tions exist (in theory) because society has found that, 
due to market imperfections, some ' public goods ' or 
'good works" would not be supplied or performed by 
the private sector. Consequently, the university wants 
to ctisure that its employees' inventions are commer- 
cialized so that the benefits are available to the public 
on reasonable terms. Universities do often grant exclu- 
sive licenses, but the workshop participants involved 
with academic patent licensing noted that they prefer 
to grant a license for a term of five or eight years 
{ratlier than the full seventeen-year life of the patent), 
to give exclusive rights only for certain fields of use, 
and to impose "working" requirements to protect the 
public against nonuse of the invention. 

The final issue is money — slicing the patent in- 
come pie. From the workshop discussions, difficulties 
seem to arise from-cin inequality of bargaining power 
between the university and the firm. Academic patent 
admit! istrators feel that firms too often fail to give uni- 
versities a fair share of patent-related income. They 
say that firms exploit the academic researcher's much 
greater interest in current research support than in 



future university income from possible patents to ob- 
tain licenses for low, or often no, royalties. They say 
that while this occasionally results in "windfalls" for 
the companies, it tends to poison the industry-univer- 
sity relationship. On the other side, firms insist that 
they have the right, indeed the duty, to strike the best 
bargain they can. Business representatives point out 
that eliminating royalties entirely is desirable because 
that forecloses disputes between the university and 
firm as to whether a certain invention is incorporated 
in or used to manufacture a particular product. They 
also maintain that the exchange of future patents for 
current funding may be a good deal for the university 
as a whole, if not for its patent administrators. 

D. Problems between universities and 
nonexclusive-strategy firms 

The conflict between universities and nonexclu- 
sive-strategy firms may seem less obvious, but may 
actually be more troublesome, particularly since these 
firms currently fund much, perhaps most, of industry- 
university cooperative research. 

The ' title " question does not arise, of course, 
since nonexclusive firms are willing to let the university 
keep most patent rights so long as they receive a right 
to practice. 

However, the "exclusivity" question is stood upon 
its head, to the university negotiator's disadvantage, 
riow the firm insists on nonexclusivity, at least to the 
extent that it always be allowed to practice the inven- 
tion. A firm that follows a nonexclusive strategy usually 
has one or more of the following characteristics: 

1. It is involved with a fast-moving technology. 
Patents are of little value because an inven- 
tion will likely be obsolete before one issues 
and because competitors can "invent around" 
the patent. 

2. Its products are complex, containing many 
patentable components. As a result the poten- 
tial costs of negotiating individual patent li- 
censes is high and the industry naturally grav- 
itates towaids cross-ljcensing. 

3. Finally, the firm is a large, market-dominating- 
company which is more likely likely to be hurt 
than helped by restrictions on the spread of 
technology. 

General Electric, AT&T, International Business 
Machines, and Exxon, four nonexclusive strategy firms 
mentioned at the workshop, each obviously has at 
least one of I'lese characteristics. A nonexclusive right 
to practice held by one of these firms is believed to dis- 
courage commercialization by anyone else. Another 
firm may be reluctant to bear the costs of introducing 
a new product if it knows that the dominant firm has 
the right to come into the resulting market which it is 
likely to dominate as well, if the large firm's license 



264 

260 



thus discourages others from practicing the invention, 
the university obviously cannot earn royalty income 
,fVom anyone except its former cooperative research 
partner. This means that the university patent adminis- 
trator gets a patent that cannot be successfully licensed. 

Instead of limiting exclusivity to protect the public 
against nonuse or excessive "monopoly" profits, the 
university in this case tries to preserve exclusivity to 
salvage its licensing opportunities. Those unfamiliar 
with the innovation process, however, often do not 
understand the notion that a patented product may be 
produced only if the number of persons able to pro- 
duce it is limited so that the prospects of extra pro- 
fits will justify undertaking the often extraordinary 
investment and risk-taking associated with initial com- 
mercialization. As a result, the university finds itself in. 
an uncomfortable position, arguing against free access 
to technology and for more profits. From the firm's 
view, of course, to expect it to fund research without 
assuring that it can use the fruits of that research is 
unreasonable. After all, a nonexclusive license to pos- 
sible inventions seems a very small return for thou- 
sands of dollars of research support. 

Universities might find this situation easier to 
accept if the firm's nonexclusive license bore substan- 
tial royalties. However, the inequality of bargaining 
power between the university and the firm is perceived 
as particularly great with nonexclusive firms and the 
university often gets no royalties from its nonexclusive 
license. Since one characteristic of a nonexclusive firm 
is the complexity of its product, such firms may have a 
particular incentive to foreclose patent disputes by 
obtaining royalty-free licenses. This is obviously a very 
sore point with universities, certainly with their patent 
administrators. So it is that negotiations between uni- 
versities and nonexclusive-strategy firms are often dif- 
ficult and bitter. 



E. Miscellaneous rights 

In cooperative research negotiations with both 
exclusive and nonexclusive firms, numerous subsid- 
iary patent issues arise. These include: 

1. Who controls publication of results to protect 
patentability, 

2. Who decides whether or not to file a patent 
application, 

3. Who drafts the patent application, particularly 
the claims, 

4. Who pays for patenting and maintenance 
costs, and 

5. Who decides when to sue for infringement. 

Except for the first, these issues are of interest pri- . 
marily to patent attorneys, but they can be another 
source of delay and difficulty in putting together indus- 
try-university deals. From the comments of the work- 
shop participants, a "clash of perspectives " may com- 
plicate negotiations over these subsidiary issues. 
Representatives from industry thought these matters 
should be specified in the cooperative research agree- 
ment, while those from universities indicated that 
these items could be left until after an invention is 
made. 



F. Consensus 

The consensus of the workshop was that there are 
genuine conflicts between universities' interests in 
patents and firms', particularly in respect to exclusivity 
and royalties. These conflicts, however, can be, and 
typically have been, resolved through good faith nego- 
tiations. , 
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CHAPTER VI 



SOLUTIONS AMD FURTHER ACTIONS 

The workshop participants agreed that many of 
the intellectual property rights difficulties in industry- 
university cooperative research projects are caused by 
inexperience and misunderstanding. More informa- 
tion is needed, especially by new entrants. Several pri- 
vate groups were reportedly considering the creation 
of an cooperative research information clearing house 
to help alleviate this problem. 

The participants saw little role for the Government 



: in resolving these difficulties. Several believed that the 
Bayh-Dole Act (35 U.S.C. §200 et seqX enacted in late 
1980, would encourage cooperative research by les- 
sening the commingling problem and by publicizing 
the fact that universities can give companies patent 
rights. (Experience since the workshop has apparently 
confirmed this belief.) The participants felt that suc- 
cessful industry-university collaborations would beget 
more interest in cooperative research and that a 
' sno^all" effect would occur without any major at- 
tempt to promote cooperative research. , 
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APPENDIX A: Participants In NSr Works Property Rights in 

Industry-University Cooperative Research 



Government 

Charles H. lierz 
General Counsel 
national Science Foundation 
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Frederick W. Betz 
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Cooperative Research Program 
national Science Foundation 

Richard I. Qerson 
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Department of Energy 

Robert F. Kempf 

Assistant General Counsel for Patent Matters 
national Aeronautics 6f Space Administration 

William Raub 

Associate Director for Extramural 

Research &r Training 
national Institutes of Health 



Universit>' 

norman Hackerman ' 
President 
Rice University 
Workshop Chairman 

Roger Ditzel 
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University of California 

Milton Goldberg 
Executive Director 

Committee on Governmental Relations 
national Association of College and 
, University Business Officers 

Don Keating / 

Director, Center for Industrial Research 

College of Engineering 

University of South Carolina 

Clive Liston 

Patent &r Copyright Manager 
Stanford University 
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Associate Vice-Chance lor for Research 
University of Illinois 
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Di-ecton Department of Contracts-Grants 
University of Southern California 

Eli M. Pearcq 

Chairman, Chemistry Department 
Polytechnic Institute of new York 

Allen J. Sinisgalli 
. Director, Office of Research 

and Project Administration 
Princeton University 
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Department of Mechanical Engineering 
Massachusetts Institute of Technology 

Industry . 

R. S. Detrick 

Manager, External Research 
Koppers Company, Inc. 

Brice Farwell 

Contracts Administrator 

International Business Machines Corp. 

C. Harold Herr 

Senior Patent Attorney 

E. 1. DuPont De nemours &r Co. 

Mark E. Kelly 

Director of Chemicals and Plastics Research 
Dow Chemical USA 

Marvin Margoshes 

Scientific Liaison 

Technicon Instruments Corp. 

William Miles 
President 

University Patents, Inc 

Pauline newman 
Patent Counsel 
PMC Corporation 

Judith OtDermayer 
Moleculon Research Corp. 

Mrs. Hesna Pfeiffer 
Assistan*^ Director of Patents 
Merck d< Co., inc. 

John D. Upham 
Monsanto Company 
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Tax Policy and R&D 

Mansfield 1982 " 

University-Industry Rel2tio7iships— Conferences 

US Department of Energy/Industrial Research Insti- - 
tute, Dickson, Engles, Heylin, US/nSf I960, US/nsr 
1980 

University-Industry Relcitionships — Dangers for Aca- 
demic Research 

BoK Dickson, Lepkowski, Servos, Weiner 

University-Industry Relationshi ps— Education 

Hencke, et aL, Honan, Mullins, national Academy of 
Engineering 



University'lndustry Relationships—Foreign Countries 
Canada— Science Council of Canada 
''/lurope— rakstorp. EIRMA.^ Decl^rcq 1979 
france— national Research Council (riRC) 
Oermani/— British Council riRC. US/DOC/OPTI^. 
A. D. Little 

Japa/i— Tokyo Chamber of Commerce. US/DOC/OPTI 

Su;ec/en— Sweden, US/DOC/OPTI 

a/^— British Council. Gallagher, Kenyon, FiRC, 

A. D. Little 
ass/?— Borstein 

UniuersUy-lndustry Relationships— General Overulews 
Baen Battenburg, BoK Brodsky, Brown A., Brown Q., 
Bugliarcllo, Declercq 1979, Declercq 1981, Doan, 
EIRMA. Parris, Pusfeld 1976, Pusfeld 1980, Johnson, 
Kiefer, Linvill, Lohr, Lyon, MacCordy, Murray, national 
Commission on Research, noble. Pake, Prager, 
Ridgeway, Shapero, M. Useem 



'United SUitcs/Dcpartment of Commerce/Office of Productivity, 
Tcchnolocj)'. and Innovation. 

Muiropcan Industrial Research Management Association 



University-Industry RelatlDnshlps— Government Role 
Branscomb 1979, Brown Q., IRI, Keane, MacCordy, 
Mogee, Prager, US Congress/Subcommitttx^ on Sci- 
ence, Research, and Technology, US/nSP 1976, US/ 

nsr 1080 

University-Industry Relationships— Minorities 
Cannon, Council of Graduate Schools, Muliins 

University- Industry Relationships — national Research 
Facilities 

Cantweli (Stanford Synchrotron Radiation Laboratoi^O/ 
Robinson (Brookhaven national Laboratory,'national 
- Synchrotron Light Source) 

University -Industry Relationships— Policy Statements 
Atkinson, Brown, Industrial Research Institute, na- 
tional Commission on Research, Wolff 1980 

Unluerslty-lndustry Relatlons^ApsStrHstlcs 

Brodsky, Bugliarelio, Council for Financial A\u to Ed- 
ucation, Mansfield 1980, nason 

Venture Capital 

Pox, A. D. Little, Weber 
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Atkinsoa Richard C. "Planning for Science in the 1980's." 
Speech at the Public Affairs Symposium, Annual 
Meeting of the Federation of American Societies for 
experimental Biology, Anaheim, Califomia, April 14, 
1980. 11 pp. 

Discusses areas of future emphasis in planning for 
the biosciences, nearly two pages are devoted to 
discussion of the university-industry connection 
and the associated changing patterns of research 
performance and scientific careers. 

Baer, Walter S. Strengthening University-Industry In- 
teractions. Santa Monica, Califomia: RAPID Corpora- 
tion, January 1980. 28 pp. 

Analyzes policy objectives of attempts to increase 
flow of university-industry interactions, and examines 
current state of knowledge regarding effects of three 
broad types of university-industry relationships upon 
industrial innovation. Sets forth eight policy op- 
tions. Bibliography. 

Battenburg, Joseph R. "Forging Links Between Industry 
and the Academic World." Journal of the Society 
of Research Administrators. Vol. Xll, Winter 1981. 

Battenburg is with ^.iie Corporate Research Depart- 
ment of the Eaton Corporation of Michigav:. The 
paper examines the problems associated with uni- 
versity-industry interactions. "Gap size" factors are 
listed, i.e., those tending to widen or reduce the 
gap between the sectors. Ten types of mechanisms 
to promote closer relationships are listed and briefly 
discussed. Specific first steps for initiating con- 
tracts—both for universities and companies— are 
suggested. 

Beam, Alexander A. "The Pharmaceutical Industry and 
Academe: Partners in Progress'Mmer/can Journa/ 
. of Medicine. 71, July 1981, pp. 81-88. 



A useful review of the state of university-industry 
relationships in pharmaceuticals by an official at 
Merck Sharp and Dohme International. 

Bement, A. L. "DARPA's Experience with University-In- 
dustrial Interactions in Materials Research," notes 
(slides) for a presentation at DOE/IRI Conference 
on Mechanismsof University-Industry Interactions, 
December 7-8, 1978, Reston, VA. 

The Director of the DARPA Materials Science Office 
lists DARPA's various "institutionalized" programs, 
and examines tile "coupling". programs (1966-1973) 
in some detail. Proposes a number of "lessons 
learned" from the experience. 

Appended is nsrs 1973 "MRL Program Policy State- 
ment" which governed the takeover of these inter- 
disciplinary laboratories for materials research 
from DARPA. - 

Bindon, C. "Output Measures of Cooperative Research: 
The Case of the Pulp and Paper Research Institute 
of Canada"' Scientometrics. 3 (1981), pp. 85-106. 

This paper describes and analyzes the scientific 
output of a cooperative industrial research institute 
(UlPulp and Paper Research Institute of Canada, 
PAPRlCAFi). It compares the employment patterns 
of McQill graduate students who have done their 
thesis research under the auspices of the industrial 
laboratory with graduate students from the same 
departments who have not worked at PAPRICAPI. A 
comparison is also made of the publication prac- 
tices of three groups: PAPRICAPi staff not associated 
with the university (McQill), the PAPRICAPI staff who 
also hold academic appointments at McQill, and 
the faculty of the Chemistry Department at McQill 
who do not hold staff positions at PAPRlCAFi. 
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It is found that the academic association with 
PAPRlCAn during graduate research has a significant 
itiipcict on the number of students who go on to 
careers in industry. 

The publication record is compared to various 
standards so as to judge various qualities of the 
scientific output of the different groups. The 
PAPRlCAri staff performs as would be expected of 
industrial researchers, and the McQill faculty show 
nornicul characteristics lor an academic group. 
However, those who hold positions in both the in- 
dustrial institute and the academic sector reveal 
the special role they play in linking the "science" 
of the second witli ♦^he "technology" of the first. 

Bok, Derek. "President's Report: Business and the 
Academy" Naruard Magazine, May/June 1981, pp. 
23-35. 

Can the universities enter the marketplace without 
subverting their commitment to learning and dis- 
covery. This indepth review covers most of the 
issues, starting from the position that better indus- 
trial/commercial utilization of academic research 
(technology transfer) is an important and desirable 
goal. 

Bok posits six conditions necessary to maintain 
the highest quality of fundamental research in sci- 
ence, and examines the state of academic science 
with reference to each one. He further posits four 
dangers to the quality of academic science from 
increased emphasis upon technology transfer. 

• "...the prospect of reaping financial rewards may 
subtly influence professors in choosing which prob- 
lems they wish to investigate." 

• "...professors may be diverted from any form of 
research (and teaching) in order to perform other 
tasks involved in the process of technological 
development." 

• "...the risk of introducing secrecy into the process 
of scientific research." 

• "...a threat to the quality of leadership...the state 
V f morale... (and) the reputation for disinterested 
'nquiry (that) helps to preserve the confidence and 
; espect of the public— a state of mind that is ever 
nore essentia! to the progress of academic sci- 
ence as its dependence on external support con- 
tinues to rise. ' 

Borstein, Morris, et ai The Planning and Management 
of Industrial Research and Development in the 
U5SK Joint US-USSR Science and Technology Ex- 
change Program, rinal Report Technical Piote 
SSL-Tri-7557-7. under PiSr Grant iri 178-18699, 
Task 1. June 1980. 63 pp. 
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Report of a December 1979 visit by a US delegation 
of specialists to study the Soviet experience in plan- 
ning and management of research and develop- 
ment and the introduction of the results of R&D in 
"Science-Production Associations" (Pi.P.O.s). 

Describes case studies of two Pi.P.O.s in which re- 
search-oriented institutes for scientific research 
are associated with_ experimental and full-scale pro- 
duction plants. Instructive financial comparisons 
are drawn with the US corporation Union Carbide. 

Branscomb, Lewis M. "Opportunities for Cooperation 
Between Government Industry, and the University," 
Annals of the Piew York Academy of Sciences, 334, 
December 14, 1979. pp. 211-227. 

The author of this article is Vice President and Chief 
Scientist of IBM, a former Director of the national 
Bureau of Standards, and since 1980, Chairman of 
the national Science Board. 

The article focusses attention on the inadequacy 
of "technology demonstration projects" as a gov- 
ernment means to stimulate commercial technology. 
It discusses two possible alternatives for govemment- 
industry-university cooperation in technology de- 
velopment "Exploratory Generic Technology," and, 
more speculatively, "Cooperative Development of 
Product Prototypes." 

The typical Federal concern with commercial tech- 
nology development has involved massive demon- 
stration projects, e.g., in synfuels, solar energy, and 
personal rapid transit. The shortcoming of this 
approach is that it leaves out the costly investments 
in engineering and production tooling and processes 
that make the product commercially manufacturable. _ 
The author uses the example of the proposed 
Cooperative Automotive research Program to 
illustrate the lack of connection with product and 
process design and manufacturing engineering. 

Branscomb, Lewis M. "Strengthening Industry's Uni- 
versity Connection," The Bridge (national Academy of 
Engineering), 2, Pall 1981. pp. 35-38. 

Article by the Vice President and Chief Scientist of 
IBM and Chairman of the national Science Board 
<* argues for the need for increased flexible funding . 
of university research and training in science and 
engineering through corporate philanthropy. The 
IBM Program of Departmental Grants is discussed— 
the program makes grants of $25,000 to selected 
department.- in fields of science and engineering 
relevant to IBM. 
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The British Council. Academic/Industrial Collaboration 
in liritaitt attd Germany: Proceedings of the Brltish- 
Oernhin Scmltuv on Academic Research and In- 
dustry. The British Council Cologne. February 
1977. 31 pp. 

A report of two days of discussion of academic 
research and industry by six German and six British 
senior researchers, administrators, and managers 
frorii industry and the universities. 

The objectives of the seminar were to examine and 
compare experience in the two countries and to 
make recommendations on the ways in which 
academic institutions can usefully increase or more 
effectively select the industrially orientated aspects 
of their scientific research, but without essentially 
impairing their freedom of study. The discussions 
focusscd principally on engineering and those 
technologies and related sciences which support 
the manufacturing industries. 

Brodsky, n., Kaufman, H. Q.^ and Tooker, J. D. Univer- 
sity Industry Cooperation: A Preliminary Analysis 
of Existing Mechanisms and their Relatiorx ihip to 
the Innovation Process. Plew York: Center for 
Science & Technology Policy, July 1979. 108 pp. 
(Under national Bureau of Standards Or ler Plo. 
riB79nAA/A8898.) 

A catalogue of jxistin^ university-industry relation- 
ships with short descriptions of case examples. 
Assessment of contrioution of each type to foui 
phases of the innovation process: 

• Additions to know'edge/experi'^nce pool; 

• Development of new concepts; 

• Development of new productii and processes; 

• Market development. 

Brown, Alfred E. 'The Industry/University Interface in 
America Today." Paper presented at the Americaii 
Society for Metals, Materials, and Processes Congress, 
Cleveland, Ohio, October 28-30, 1980. 18 pp. 

A manager from the Celanese Corporation discusses: 
(1) current mechanisms of industry/university 
cooperation; (2) barriers to cooperation; (3) sug- 
gestions for improvement of the interface. Leans 
heavily on the 1978 nvu study of industry/university 
connections. His suggestions include: more effective 
communication to professors by companies of their 
research interests; greater personnel movement — 
including permanent career changes — between the 
sectors; university establishment of interdisciplinary 
research centers; experimentation with novel joint 
arrangements. 



Brown, George E., Jr. University-Industry Links: Oov- 
ernment as Blacksmith. Paper presented at AAAS 
Symposium on "Qovernment/lndustry/University 
Relations," San Francisco, CA, January 5, 1980. 16 
pp. 

Congressmar. Brown assesses some effects of the 
changing envirc^nment for innovation upon existing 
and potehtidi university-industry linkages. Describes, 
six current Federal efforts to foster linkages, and 
six additional areas of linkage which ' should be 
considered." 

Bugliarello, George. "Focusing on the Function of the? 
University." Proceedings from the First Midland 
Conference, sponsored by Dow Chemical Company, 
October 1979. pp. 153-170. 

Useful brief compilation of statistics on the sources of 
support for and performers of R&D, focusing on 
the university-industry relationship. Presents more 
detriled information on chr;nriistry and chemical 
engineering. 

Valuable listings of eight major obstacles to a more 
fruitful unfvcrsity-industry relationship, and six 
strategies for dealing with these problems. 

Business Week, Special Report, "The Second Green 
Revolution: Harnessing Biotechnology to Produce 
More Food with Less Energy." August 25, 1980. 4 
pp. • 

Discusses university, industrial, and Government 
activities in plant bioengineering and focuses upon 
the "rapid buildup in corporate bioengineering 
. research.'' riotes the competition between academic 
and corporate laboratories for competent scientists. 

Cannon, Peter. "A Model for Industry-University Minority 
Doctoral Engineering Programs," Research Man- 
agement July 1980, pp. 21-23. 

Dr. Cannon, Vice President for Research, Rockwell 
International, describes a program begun 3-1/2 years 
ago by Rockwell International Science Center 
(Rockwell's corporate research laboratory) aimed 
at increasing the number of minority engineers with 
Ph.D.s in solid state electronics. 

The principal mechanism utilized was to sub<X)ntract 
company funded research on gallium arsenide to 
two historically black universities— Howard and north 
Carolina A&T. NASA has also participated in this 
project. ' 

Cantwell, Katherine M. "University-Industry Research 
Relationships at the Stanford Synchrotron Radiation 
Laboratory." A report submitted to the riaiional 
Science Board, July 1980. 6 pp. and appendix. 
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The Assistant to the Director of the SSRL describes 
joint iiKlustrial-universlty cooperation at the lab- 
or* ilory. 

All of the cKlvisory pcincls Innc industrial members. 
Of the 88 institutions experimcntiny at SSKL 26 
*irc [private corporations; and of the 309 proposals 
lor rt:sc<irch at SSF^i: active in March 1980, 55 
involved joint university-industrial researcli. 

I hrec types of cooperation are identified: 

• Cooperation on specific researcli proposals; 

• Industrial contributions to facility beam line 
de\v:lopmcnt and instrumentation; 

• Imi^lemcntation of new scientific techniques by 
industrial groups, which then become available to 
the c^eneral user community. 

A list orirulustry-university proposals is appended. 

Clxr.miccil Week. "Weighing University Research Pro- 
posals. Tehruary 3, 1982, po. 55-56. 

Describes Monsanto's new Office of External Re- 
search and Development — a central corporate 
clearing liousc to weigh all university grant pro- 
posals— wliether internally or externally generated. 
Tlu: article also briefiy discusses mechanisms em- 
ployed at Dow Chemical and DuPont for initiating 
researcli contact with universities. 

Committee on Economic Development. Stimulating 
Tc.cfxnologij Progress. (Plew York & Washington, DC. 
Committee on Economic Development, January 
1980) 96 pp. 

Discusses the nature of technological progress and 
its relationships to economic growth. " cuses 
primarily on the hindrances to tech.iOiogica! 
progress required by tax policies, CoVijrnment 
constraints upon innovation, and patent policies, 
l lie role of universities in basic researc h is briefiy 
cli'-'^usscd. Recommends provision of a tax credit 
lor support of nonproprietary university research. 

Council lor ['inanclal Aid to Education. Voluntary Sup- 
port of Education. 1979-80. Plew. York: CPAE, 
May 1981, 

An einnual survey of educational philanthropy dating 
from 1954-55. 1 he sun/ey for 1979-80 reports actual 
returns from each of the participating 914 four-year 
colleges and universities and 105 two-year colleges. 
These data are extrapolated to arrive at estimates 
of total national voluntary support of colleges or 
universities— the total for 1979-80 being $3.8 billion. 
It is estimated that 15.27o of the total, or $577 
million, were gifts earmarked for research purposes. 
'I5usiness corporations contributed a record 18.3% 
of total voluntary support as a result of a 25.2% 
increase in their grants." 
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Council of Graduate Schools/riational Science Foun- 
dation (CQS/riSF), Industry/University Coopera- 
tive Programs; Proceedings of a Workshop Meld in 
Conjunction with the 20th Annuhi Meeting of the 
Council of Graduate Schools in the United States, 
Dectmber 2, 1980. pp. 

Useful compilation of Cc / of a variety of academic/ 
industrial programs bol* m industrial and uni- 
versity perspectives. Univt :s programs discussed 
include: MIT Industrial Liaio.^ Program, University 
of Delaware Composites C^r^.^' Case Western 
Reserve Polymer Science and Enc ^ Materials 
Rer>earch at Pennsylvania State U:)s*, y. Animal 
Sci "^ce Programs at Iowa State Ui^' ivy, and a 
coc- - live computer science d'"-" . '*'^- ^>*n at 
i^ew .-. \k.o State University. Com; . i''.<..^ : :• C3sfng 
their - ^f^^^ ^'^''tives included: Sht; Dev : vp'''" :nt, 
Johnsoc lohnson, Pfizer, IB'.. J ^^ocKweiJ 
Internalic . 5^ Also der,cribed is t\\r L:nique Philc- 
delphia /V>. . in^yri for Clinical Trials— a conso! :Juni 
ot'six area oCr,.iemic medical instK itions Moli aims 
to cocrdi^ Mi i: c'r,'" resources available to provide an 
attractive opportunity for the placement arut per- 
formance of cii. iical trials of new drugs and devices. 

Culliton, Barbara. "Harvard and Monsanto: The $23- 
Million Alliance" Science, 25 February 1977, pa 
759-763. 

An intensive case study of this highly visible agree- 
ment. Discusses: 

• The antecedents of the agreement; the "readiness" 
and molivations of the parties to cooperate. One of 
li'e Princ'pa' Investigators had been a long-Ume 
/io:isantc consultant, and Monsanto wanied a 
"window" on the new biology as well as rights to z 
long-shot possible cancer rxre. 

• The tortuous process of negotiation; 

• The patent and publication issues and their 
resol'. Ho.i (Harvard changed its patent policy); 

• The appoirilment of a prestigior.- national xivisory 
committee to oveisee the public interest aspects 
of the agreement; 

• Three kinds of monetary sui 'port which are esti- 
mated to total $23 million Cver twelve years: 

( 1 ) $200,000 a year for each of the co-investigators; 

(2) $1.4 million to equip laboratories; 

(3) A $12 million endowment— cu'rent income -i m 
which would support the project research, but whicit 
would ultimately be used as general, string-free flinds. 

Culliton, Barbara. "Biomedical Rese.iitt.' enters the 
Marketplace," hew England Joun-.il of Medicine, 
304 (May 14, 1981). pp. 1195-1201. 
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Kcviews recetit bteps in the progress of biotech- 
nology—in particular recombinant DMA and 
nionoclorujl antibody techniques— toward front 
stiKjc. The role ol the press in publicizing the 
phenomenon is examined. A brief history of Har- 
vard's patent policy is presented, followed by a 
description of Harvard's proposed biotechnology 
company and a discussion of the various arguments 
and points of view that led to its rejection. 

The suit and countersuit between HofTmanti-LaRoche 
and the University of California over the proper 
utilization of the WA\ cell line. which produces 
interferon are described and discussed as an 
example of the difficulties of establishing substantial 
co!lal)oration between academic institutions and 
industrial corporations. 

Concludes that there is room for collaborative 
arraruietncnt-} that suit both sides. 

David, t. v.., Jr. " Science Futures: The industrial Con- 
nection" Science, March 2, 1979. pp. 837-840. 

The president of Exxon Kesearch and Engineering 
Company explores the idea that the traditional 
diversity of mechanisms tor ttie transfer of knowledge 
and ideas to industry, as well as the communication 
of realistic problems to academic researchers, may 
not be adequate for the future. 

A rich and detailed discussion of trends and char- 
acteristics of industrial research laboratories is 
compared with a cursor^' treatment of academic 
orientations. The paper concludes with an optimistic 
review of "strands for the industrial connection." 

Davis, fiernard D. ' Sounding Board: Profit Sharing Be- 
tween Professors and the University?" riew England 
Journcil of Medicine, 304, May 14. 19bl, pp. 1232- 
1 235. 

Weighs the pros and cons of two mechanisms by 
which university inventions enter the commercial 
market: 

• Patents; 

• Tormation of private corporations by faculty 
members. 

I'lesents arguments for a third kind of arrange- 
ment— institutional profit sharing— which is seen 
as l)oth providing a fair share of profits to the 
university and the scientist inventor, while avoiding 
some of tlie dangers to science posed by tlie existing 
arrarigements. Davis argues that the rejected Harvard 
proposal for profit sharing did not receive a fair 
hearing due to high emotions, press ballyhoo, and 
the Qenentech stock offering episode. 
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Davis, Lance E. and Kevles, Daniel K. ' The national 
Research f-'und: A Case Study in the Industrial 
Support of academic Science." Minerva, 1974, 
12:207-220. 

The story focuses on the period 1915-1932 and 
the attempts of a number of individuals to generate 
industrial support for "pure" scientific research. The 
".veniual failure of the effort provides an instriictive 
case study in the behavior of business enterprises 
in the financing of academic research. 

George E. Hnle, of the Mt. Wilson Observatory, was 
instrumental in the creation of the national Research 
Council (nRC) in 1916 which was designed to bring 
together government industry, and the universities to 
mobilize science and engineering for the national 
defense. In 1918 the nRC was made a permanent 
agency, and Hale had it create an Industrial Advisory 
Commission, which he encouraged to promote a 
campaign for business support for university science. 
In 1925 a plan and organization emerged when 
' the national Academy of Sciences (nAS) authorized 
the creation of a national Research Endowment — 
which was to r;3ise $20 million in capita! from in- 
dustry, t( be dibbu''l^ed by the nAS as grants in aid 
of research. The wi rd "Endowment" was soon 
changed to "Fund" because corporatfcjis were not 
permitted to engage in philanthropy— they had to 
demonstratf hat doi . lions worked to the corpora- 
tion's profit-making advantage. Herbert Hoover was 
chairman of the fund. But in three years the fund 
had raised less than half of its goal and th';^ from a 
few lapje corporatiorjs. The goal was re JiiCed to 
$10 millioa and thio .wourit was pledged by 1930, 
but when the trLd to call in the pledges in 

the first year oi ihc Depression, tlie naticr.al Electric 
Light Association, a trade association of electrical 
generafing . nd equipment '.lanufacturing^firms 
which had pledge! million, found' that its mem- 
bers could not pay By l932 the promoters agreed 
that the national Research f-'und was dead. 

The economic-theoretical conoirpt of "externalities " is 
used to explain ^he Uilure of the national Research 
Eund (nRE). "The campaign for the' nRE was an 
attempt to finance acadt'niic science in.w^;ch those 
who paid the costs coui .i not avoid havit.^ much of 
the resulting benefits flow to others"— the "free rider" 
problem. Eventual government func ; ig of basic 
research provided a solulion to the problet.. that 
gained the support of industrial corporations. 

Declercq, Quido V. "A Third Look at the Two Cultures: 
Tlie new Economic Responsibility of the University." 
InternationalJoumal of Institutional Management 
in higher ^.^'ucation, July 1981. 
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The Acltiiiiiistrator of the Catholic University of 
lAUivcn in f5clgiiU7i explores the idea that the 
li-UiUoMs IxrUvfc-n the econoniy and the world of 
learninc; aiul researc:h are changing under the 
pressure of the scientific revolution, as the economy 
of the developed world is increasingly based on 
fiiqh leclinolocjy and applied science. 

"Universities are being drawn to the centre of high 
techi;ology based national economies from their 
lorrner position at the outer fringe of economic 
society. As a result of this new development uni- 
verstf.ies are being forced into new roles for ivhich 
nhvnj me not prepared and that raise a number of 
nciv <md iircjcnt questions. This may lead, in Eric 
Ashby s words, to a "thorough revision of the inner 
loc^ic of universities." (Eric Ashby, Adapting Univer- 
sities to a Technological Society, Jossey-Bass, 1974. 
p. I 14) We are fast moving away from the monastic 
(.onception of Piewman's university with its pursuit 
of knowledge irrespective of its utility." 

The new economic responsibility demands that 
the university in the innovation process, develop a/ 
l)r()Ker s function, either by the university itself or 
by means of professional outside help, to bring the 
two parts of the innovative process together." Several 
such brokerage mechanisms are discussed. 

Declercq, Quido V. Technology Transfer from Campus 
lo Inclustty International Journal of Institutional 
Niviagcment in Higher Education 5, Odiober 1979, 
pp. 237-252, 

Since World War 1! uriiversities have been considered 
as elements in industrial development of countries, 
and more recently in terms of their functions as 
sources of innovative ideas for economic regen- 
eration. This article examines the question of how 
universities should fulfill this role. 

A discussion of three general questions is followed 
by examinatioti of examples of mechanisms to 
itnprove university-industry interfaces in several 
European countries, Canada, and the United States. 
The three cjuestions discussed are: 

• Do universities have something to offer to industry? 

• Does industry, or society, expect a return, in the 
form of inventions, from the large financial inputs 
tfiat go into our higher educational system? 

• Why arc universities as such apparently weak in 
transferring technology to the marketplace? 

' Existing professional transfer formulas" discussed 
include: 

• Industrial liaison centers — possibly in cooperation 
with local or central governments; 

• Profit-making or non-profit "campus companies;" 



• Research parks. / ^ 

■' / 

Dickson, David. "'Summit' Set on /\cademe-!ndustry 
Big Links" Science and Government Report, 12, 



March 15, 1982. pp. 1-4. 
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Report on a scheduled meeting betv^en the presi- 
dents of five major research universities and the 
presidents of about ten biotechnology companies 
to explore guidelines for future relationships. This 
activity is taking place a^ the State of California's 
Fair Political Practices Commission (EPPC) gave 
formal approvalTo a rule which will require university 
faculty rnembers to disclose whether they have any 
financial interest in c(^mpanies that provide them 
with research grants/ 

The case of Raymond Valentine, Professor of Plant 
Biology at the U;iiv^rsity of California's Davis campus 
is discussed at/ength. Professor Valentine was closely 
involved'ln seuing up a private genetic engineering 
company in/Da^is— Calgene. He also had a $2.3 
million research contract frorn Allied Chemical to 
investigate th,^ nitrogen-fixing' properties of plants. 
When it was^evealed that Allied Chemical had 
purchased aYarge block of Cajgene shares, conflict 
of interest concerns were raised which resulted in 
an ultimatum to Valentine from the U.C. Davis 
administration that he must either withdrawn from 
the research project or from Calgene — he chose to 
witharaw/from the project. 



The debate, however, continues on the difference 
between occasional consulting on the one hand, 
and long-term commitments involving substantial 
rinancial interest on the other. It was argued that 
pe latter was "already stifling free exchange of 
/information and ideas on the Davis campus." 



Dietrich, J. J. and Sen, Rajat. "Qovernment-University- 
Industry Interaction in Research and Development: A 
Case Study" Research Management, September 
1981, pp. 23-25. 

Two managers of the Diamond-Shamrock Company, 
a major force in electrochemical technology and in 
the chloralkali industry, describe the developmeht 
of a cooperative agreement between the company, 
the U.S. Department of Energy, and Case Western 
University (Dr. Ernest B. Yeager, intematibnal leader 
in electrochemical research) for research in oxygen 
electrocatalysis. 

The proximate goal of the research is to inveni an 
oxygen depolarized air catholic which, if fitted to a 
membrane cell for the production of pure caustic, 
could save the U.S. chloralkali industry billions of 
kilowatt hours of electricity annually. 
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The article describes the organizational and legal 
c'irrangemcnts which permit all parties to maximize 
their divcrcient interests. 

/ Conclusions are drawn concerning the conditions 
for successful interactions of this kind. 

/Doan, herbert D. "new Arrangements for Industry- 
Academic Research" Research Management March 
. 1978, pp. 33-35. 

Two proposals are offered for interlocking university 
and industry research more closely, and thereby 
raising the effectiveness of the U.S. research effort. 

Engles, T. "A new Initiative in Stimulating Industry/ 
University Cooperation: The First Midland Conference 
on Advances in Chemical Science and Technology." 
Paper presented at the Congress of the American 
S(x:icty of Metals, Materials, and Processes, Cleveland 
Ohio, October 30, 1980. 14 pp. 

A research manager for Dow Chemical provides a 
useful account of the genesis and development of 
the 1979 Midland Conference and its 1980 sequel 
at Alleritown, PA. 

European Ir^^ustrial Research, Management associa- 
tion (EIRMA), Working Group Report rio. 7, Industry/ 
Uniuerditfi Relations, Paris: EIRMA, 38 cours Albert 
ler, 7^X)08 Paris, Pranc^, 1972. 58 pp. 

A u:iv.ful discussion of the following topics: 

• Mental attitudes; 

• Joint and sponsored research; 
•/Exchange schemes; 

• The role of government; 

/ 

• The special situation of the small firm. 

Discussion of each topic is followed by conclusions 
/ and recommendations. 

■ / • / 

Pakstorp, Jorgen and Idorn, Q. M. ' University-Industry 

/ Relations in Europe" Research Management July 

1978. pp. 34-37| 

Two technical executives of Danish firms argue that/ 
because the political and social unrest of the sixties 
disrupted what ties there were between industry 
and academia, a dialogue should be initiated to 
explore cooperative R&D activities. Differe^^ces 
between the U.S. and European traditions rela^ -jg 
to university-industry relationships are describcu— 
these are less developed in Europe. In addition, 
much of the post-war expansion of public funding 
for research resulted in the creation of a number 
of national research institutes which neither pos- 
sessed a graduate program, nor coopera'ted vM'th 
industrial sectors. 



/ 

Farris, H. VV. The Cjmpus and Industry" Industrial 
Research April 1964, pp. 76-91. ^ 

The artick ay the associate director of the University 
of Michi n Institute of Sciience and Technology/ 
expresses/an "air" industry posture." Discusses 
four mechanisms lor matching university capabilities/ 
with industry needs. Attempts to define appropriate 
kinds of industrially supported work in the university. 

Pernelius, W. Conrad and Waldo, Willis H. "isole of E^asic 
Research in Industrial Innovation" Research/ lyjan- 
agement July 1980, pp. 36-40. / 

An analysis of 78 case histories of successful com- 
mercial developments since 1965 was conducted 
to determine Vi/hat role was played by basicVesearch 
information (since 1945) in the process, and to 
evaluate the resultant economic benefi^ as quan- 
titatively as possible. 

Pox, Jeffrey. "Can, Academia Adapt to Bidtechnology's 
Lure?" Chemical &^ Engineering Pleids, October 12, 
1981, pp. 39-44. / 

/ / ^ 

Reviews the problems of conflict of/ interest, intel- 



lectual property, and the openness of scientific 
research created by the commercial vitality of the 
new biotechnology.. /■ ■ / 

"As gn/idea, this technology Ijla's already touch^ 
ofF an epidemic of enterpreneiirial activity that is 
running rampant on university campuses. Gool- 
headed scientists have turned into feverish schemers 
caught up in a heady deliriui;n of corporate planning, 
/real estate speculation for/lab expansions, and 
/ market watch irig." / / / 

"I'ieither political U anings nor social standing is a 
' guarantee of immu^ 'ty froiVi this new 'bug'. As one 
still resistan' university/ scientist puts/it. It's like 
the original version of the movie/ The Body 
Snatchers. You look intjo th^e eyes of someone and 
realize it's tco late." / j ^ 

Report contains interviews v/ith ten faculty members 
involved in commercial activities/and a valuable 
summary of conversations with postdocs in the field. 



/ 



)ns With post 

t \ I 



t,oK Jeffrey. "Plant Molecular Biology Begins to Flourish" 
* Engineering /Yeu;s/june 22, 1981, pp. 



Chemical 

Informative survey of U.S. and intemational academic, 
industrial and joint activitie^ in adapting genetic 
/engineering techniques to plant molecular biology. 
The R&D thrusts of the various groups are discussed. 

f^usfeld, H. I. "new Approaches to Support and Working 
Relationships." Special / industry/University R&'D" 
issue of Research Management 19, May 1976. 
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This artide argues that more effective links in R&D 
activities must be forged between industry, aca- 
(jetiiifi. and (vovernment. Several nev^/ mecl;janisms 
are siiggcslpd. j 

Fusfeld, H. I. /jhe Recent Science and Erigineering 
Doctorate/from an Industry View." Pape'r presented 
at the aAaS Annual Meeting, San r/ancisco, CA, 
January a 1980. 15 pp. 

Argues tnat stimulation of the growt^ of cooperative 
research between universities, government and 
industry, on the basis of current mechanisms, "could 
amount to $500 million in five/to ten years. This 
would support close to 10,000 Ph.D. scientists and 
engineers, about 40% of those/ not on faculty today, 
or about 25% of the research effort not accounted 
for by tenured faculty.... This expansion would not 
be in new funds, but would represent a restructuring 
and a shift in commitments from government and 
industry." / 

Qallagher, Colin/'Time for an Industrial Research 
Council." Times Higher Education Supplement 
Septembe/26. 1980. 1 p. 



The Head/of the Industrial Management Department 
at the University of Newcastle in Great Britain 
presents arguments for a national body to look 
^fter thti university-based research needs of industry. 
A clo^e analogue is made to the proposed U.S. 
natioHal Technology Foundation. 



Qilpin,^obert. Technology, Economic Growth, and In- 
temational Competitiveness, A report prepared for 
tlje: Subcommittee on Economic Growth of the 
e|oint Economic Committee, Congress of the United 



He also maintained that "The government side of 
this potential alliance has yet to develop its full 
potential" due to inadequate leadership structure 
which at that time centered upon the Director of 
the nSF, and a lack of appreciation in the mission 
agencies of the importance of exploratory develop- 
ment and basic research. 

A very useful section summarizes "what we know 
(and don't know) about industrial innovation" 
including a discussion of the role of basic research. 
Another section discu5se;s what the government 
should and should not do. 

A selected bibliography is appended. 

Hamilton, W. B. 'The Research Triangle of north Carolina: 
A Study in Leadership for the Common Weal" South 
Atlantic Quarterly, Vol. 65, Spring 1966, pp. 254-278. 

'The tale of the Triangle is one of local and state 
leadership for the common weal and of the inter- 
relationship of ideas and action, of cooperation 
among businesmen, university professors, and 
/ political leaders. The concept evolved by that leader- 
ship was unique at the time; its eventual realization 
was a product of such good old fundamentals as 
hard work, brains, persistence in the face of dif- 
ficulties, and philanthropy; of the presence of 
universities growing in grace; of the exertion of 
political influence; and of an expanding national 
economy ..A priceless ingredient was a decent state 
atmosphere for human relations." 

The details of the story ofythe development of the 
Triangle from 1952 to 1965 are weiytold by this 
professor of history at Duke University. 



States, July 9, 1975. Washington, D.C.: USGFO, Healey, Frank H. ^Mndustry /needs for Basic Research" 



yT975, 87 pp. 

/ This report is excellent background reading for a 
broad understanding of the role of technology and 
research and development in the economy. It 
contains a thorough examination and assessment 
of the scholarly literature on the role of technology 
in economic growth, an examination of the per- 
formance of the U.S. economy in the light of this 
knowledge, and an assessment of the role of gov- 
ernment in facilitating several strategies for growth. 

In a section on Government Support and /University 
Research, Gilpin advocates, "...the need/for a new 
alliance between government universitj', and private 
industry in newer areas of concern to replace the 
declining efficiency of the anachronistic alliance 
forged at the end of the Second World War. On the 
university side the situation is ripe for cooperative 
efforts which would invigorate scientific and technical 
research relevant to our emergent set of national 
priorities." 



[Research Management- November 1978, pp. 12-16. 

The vice president for research ayd engineering of 
the Lever Brothers Ccimpany reviews data from nSB 
Science Indicators-^ 1976 bearing on the decline 
in industrial support for basic research. 

Applauds the initiation of the PiSr University Industry 
Cooperative . Research Program and argues that "it 
is unlikely that industry Vk^ll spend any more of its 
own money on basic research unless some positive 
incentive is provided." 

Hencke, W. K, Greene, J. H., Rosner, D. E., and Plordine, 
P. C. "A Program for Student Involvement in Industrial 
R&D." Special "Industiy/University R&D" issue of 
Research Management 19, May 1976. 

This article describes a novel industrial research 
training approach in which students perform as 
consultants to industry on real-life problems. 
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Mcylin, Michael. Xonfiislon Over Innovation Highlighted 
Acjain" Chemical <Sc rMglneering news, March 3. 
1 980. 

Kcport on a f cbruaty 1980 conference at Massa- 
chusetts Institute of Technology (MIT) on the role 
of cooperative R&D among Industry, the universities, 
and govcrnnient in stimulating technological in- 
novation. The conference was cosponsored by the 
MIT Laboratory for Manufacturing and Productivity, 
and the PiSr. 

The article described the conference as "a love-in 
for cooperative research" but said that few new policy 
recommendations emerged. 

Several individuals expressed reservations about 
university-industry cooperative programs— they were 
womed about unanticipated effects upon universities 
C'n potential threat to academic freedom") and the 
poorly understood linkage between growth in science 
and techiioIog>' and growth in innovation. 

Hill, l.atnar. Tiegotiating with the Community: UCl 
Industrial Associates" In OECD/CERI Centre for 
llducational Research and Innovation, Institutional 
Mechanisms of hiteraction Between Higher 
ucation and the Community: Illustrative Examples, 
Fails, OtXD, 1980. CERI/CR/79.06. 

This case study, written by an historian, examines 
the means employed by the (Jniversity of Califomia, 
Irvine, to negotiate with the surrounding community 
through a specifically created entity: UCl Industrial 
Associates. The case study begins with a background 
statement regarding the origins of UCl, a description 
of its environment, and a description of the cir- 
cumstances surounding the organization of the 
negotiating entity. There follows a description of. 
tile development and current status of the Industrial 
Associates. In conclusion there Is an analysis of 
the results of the negotiating entity's activities, of 
its relationship with the University, of the continuing 
problems which derive from the discordant men- 
talities in the University and the surrounding com- 
munity, and of the integration of Industrial Associates 
with specific academic and research programs in 
order to reduce the mutual isolation which this 
discordance occasions. 
"> 

lionan, James V. 'Corporate Education: Threat or Op- 
portunity? " /\AMI-: bulletin, March 1982, pp. 7-9. 



A useful review of the literature on corporate-based 
education programs wtiich have grown in both scope 
and magnitude during the past decade. Several large 
corporations including Ibm, AT&T, Wang, and Xerox 
are assuming a major role in educating and training 
their employees in fields heretofore primarily the 
responsibility of colleges and universities. Some of 
the corporate programs are even granting degrees. 
Concludes that the corporate programs should be 
seen as an opportunity for higher education to 
become more sensitive to the needs of industry 
and to expand cooperative efforts. Bibliography. 

Industrial Research institute. Inc. Industrial Innova- 
(ion: The Impact of Federal Policies on Industry/ 
University Relations. A FosUion Statement by the 
Industrial Research Institute. Piew York: Industrial 
Research Institute, September 26, 1980. 1 p. 

The IRI strongly supports increased interaction 
between industry and university research, and urges 
that Federal policies be developed to promote closer 
collaboration between universities and industrial 
organizations. 

The recommended policies include: 

• Tax incentives to stimulate industrial support of 
university research and graduate education; 

• Federal funding agency programs to enhance 
coupling; 

• Uniform patent policies which permit universities 
to retain title to inventions made using govemment 
funds; 

• Improve forecasting of scientific and technical 
manpower requirements. 

The MSPs University/Industry Cooperative Research 
Program is "especially commended." But, "the IRI 
views with great caution proposals to establish new 
'Generic Tec'inology Centers,' since there is sig- 
nificant risk that such laboratories may become a 
self-perpetuating drain on national resources and 
lack the necessary inputs on market needs and 
opportunities to be an effective force in the inno- 
vation process." 

Industrial Research Institute/Research Corporation. 
Contribution of Basic Research to Recent Successful 
Industrial Innovations (Final Report to.nSF under 
Grant Pio. PRA 77-17908, September 1979). 18 pp. 
plus 271 pp. of attachments. 

Query of 529 companies to accumulate 54 usable 
case histories of industrial innovations. 
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Johnson, Elmima C. and TornatzKy, Louis Q. "Academla 
<ind Industrial Innovation" in Gerard Q. Qold (Ed.) 
ririv DitVi Uons for fi\f)n1cntial Learning: BiLsiness 
iind fUghet ICducntioti—ToiViird Fiew AUiances, 
San Francisco: Jossey-Bass, 1981, pp. 47-63. 

A useful analytical approach to university-industry 
linKaycs, ycarcd toward their role in industrial 
. innovation. An "array of operational options" is 
presented. Several integrating concepts from the 
literature on organization theory dealing with inter- 
organizational behavior are discussed: goal eongruity 
and compatibility, boundary-spanning structures, 
and organizational incentives and awards. . 

These concepts are utilized in examining several 
cases described in the literature: MIT Polymer 
Processing Program, Harvard-Monsanto Research 
Project, Rockwell International-Black Colleges, PISP 
Innovation Centers, Harvard University-Genetic En- 
gineering Company. 

Kenyon, Sir George. The Public View of the Universities: 
Direct Services to Industry." Speech to the 12th 
Commonwealth Universities Conference, Vancouver, 
B.C., Canada, August 1978. 14 pp. Summarized as 
Tlo Egg, Plo Chicken " in Manchester Guardian March 
6, 1979. 

The Chairman of Manchester University's Council 
discusses university-industiy relationships, both in 
training and research. Describes a range of efforts 
currently underway by the 44 British universities to 
"sell themselves to industry." 

Teaching companies" and "sandwich courses' are 
two instructional innovations bridging the gap 
between the sectors. Several universities have formed 
separate companies for the purpose of acquiring 
industrial research contracts. 

Kiefer, Diwid M. Torging Plew and Strongei Links Be- 
tween University and Industrial Scientists ' Chemical 
Engineering Piews, December 8, 1980, pp. 38-51. 

Substantive overview of current developments in 
tlie area. Includes discussion of: 

• The available statistics; 

• Existing PISF programs; 

• The Carter Administration initiatives for Depart- 
ment of Commercd'support of "generic technology 
centers" and the Cooperative Automotive Research 
Program; 

• The Exxon-MIT combustion research agreement; 

• The Harvard-Monsanto arrangement for research 
in biology and biochemistry of organ development; 

• The University of Delaware Center for Catalytic 
Science and Technology with 20 industrial sponsors; 
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• An extensive treatment of the movement toward 
establishment of a Chemical Research Council. 

Langrish, J. 'The Changing Relationship Between Sci- 
ence and Technology" Piaiure, 250, August 1974. 
pp. 614-616. 

The author examines the premise that technological 
innovation stems from scientific research, and 
suggests that relative to the early decades of the 
twentieth century, the relationship between science 
and technology has changed drastically. To test 
this premise, abstracts in five volumes of the Journal 
of the Society of Chemical Industry between 1884 
and 1952 were classified by institutional locus, the 
main geographic divisions being Britain, the United 
States, and Europe. A marked decline in university- 
based contributions is paralleled by a concomitant 
increase in industrial-based research over time. When 
citations from 1957, 1961, and 1967 Industrial 
. Reviews are examined by institutional locus, again 
a notable decrease in the relative contribution of 
the university to industrial chemistry emerges. 

Lepkowski, Wil. "Academic Values Tested by MIT's Plew 
Center" Chemical <Sf Engineering Piews, March 15, 
1982, pp. 7-12. 

An in-depth description and critique of the $125 
million Whitehead Biomedical Research Institute 
at MIT. The story is constructed from interviews 
with David Baltimore, the head of the Institute, and 
both proponents and opponents among the MIT 
faculty and administration. There is discussion of the 
issue of potential conflict of interest centering on 
Baltimore's reported $3.5 million equity stake in the 
biotechnology firm of Collaborative Research, Inc. 
The president of this company is also interviewed. 

Libsch, J. F. The Role of the Small, High Technology 
University. " Special "lndustry/Uni\'ersity R&D " issue of 
Research Management 19, May 1976. 

Smaller universities need means to achieve a critical 
mass' effort of people and capabilities in selected 
research areas without destroying opportunities 
for individual research efforts. 

Linvill, John G. "University Role in the Computer Age ' 
Science. Vol. 215, Eebruar)' 12, 1982, pp. 802-806. 

The Director of Industrial Programs at Stanford 
University's Center for integrated Systems discusses 
the role of the university in the development of 
manpower resources in computer technology, and 
opportunities in university-industry linkages. 
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IJttIc, Artllur D., Ltd. Piew Technoiogy-Bascd Firms in 
the United Kinqdoni atuJ the rederai Repubiic of 
Cu'tnuitni. London: A. [). Little, Ltd. for the Atiglo- 
Ciernuui roiuukition lor the Study of hidustria! 
Society, 1977. 

This comparntive assessnietit of the environment 
(or new teclinoloci>'-based firms (riTBrs) vvas under- 
taken to provide a detailed analysis of the environ- 
mental factors within each country which Influence 
the development of PiTBrs, and to make recom- 
mendations on liow the creation and growth of such 
firms might be encouraged. 

In contrast to the situation within th^ U.S. where 
there are several thousand I^TBFs with sales of 
billions of dollars, there are only about 200 PITBrs 
in the U.K. and slightly less in Germany. 

Ainonc\ the factors cited as more favorable in the 
U.S. for the generation of MTBrs are: 

• greater mobility of itidividuais between academic 
institutions and private industry; - 

• the behavioral atid attitudinal character of Ameri- 
can scientists, matiy of whom are willing to set up 
their own businesses in order to exploit their 
technical knowledge. 

A ^^ection on the role of universities in spinninr, 
off nifSFs reports on Uvo British studies in 19i9 
and 1970 which documented the reluctance of 
university scientists to become involved in industry. 

Lohr, Steve. "Q'mpuses Cementing Business Alliances." 
^cw York Times, November 16, 1980. 

Prompted by Haa'ard's disclosure that It was con- 
sidering establishmetit of a commercial genetic- 
engineering company, this article reports ov. a range 
of issues and activities Iti the university-industry 
area. In addition to the standard exa.nples of 
Kxxon-M IT and Maaard-Monsmto, mention Is made 
of: a Purdue-Control Data project on computer 
design and production, and establishment by Estee 
Lauder of an Institute of Dermatology at Johns 
Mopl^ins University. 

Lucchesi, Peter J. "Exxoti's University-Industry Program" 
Proceedings of the First Midland Conference on 
Advances in Chemical Science and Technology. 
September 1979. pp. 173-179. 

Describes the following E',xxon programs: 

• Scientific Grant Prcgram— -about $500,000 a year 
in grants to professors selected by Exxon's basic 
research staff. 

• (Under developtiient) Exxon ^fellowship's Program 
to assist promising non-tenured faculty. 
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• Visiting University Scientists program— currently 
supporting eight university scientists working sum- 
mers at Exxon labs. 

• Exxon Faculty Fellow program— five year support 
to a prominent academic scientist who must spend 
207o of his time at Exxon labs doing work of his 
owti choice. One Fellow currently has support, and 
a second is soon to be named. 

• Exxon-MIT 10-year agreement on combustion 
research— support at about $600,000 a year. Par- 
ticipating facult\ devote 50% of their research time 
to working on agreement projects. 

Lyon, R. E., Jr. "A Bridge Reconnecting Academla and 
Industry through Basic Research" (Paper presented 
to the George Washington University, Graduate 
Program In Science, Technology, and Public Policy. 
Seminar series on, 'The Research System for the 
1 980's: Public Policy Issues" March 26, 1980. 5 pp. 

The paper explores the following five main points: 

• The "connection " should be at the basic research 
level; 

• The ' connection'' must be at the cooperative, 
working level; 

• Government should assist the process, but not 
attempt to ' steer the science and technology; ' 

• A tax incentive for industry is the first step; 

> "Industry funding should supplement and com- 
plement, not totally replace " Government funding 
of academic research. 

MacCdrdy, E. L. "Prospects for Government/University/ 
Industry Research Cooperation. " Paper presented 
belbre the Division of Science Resource Studies, 
riational Science Foundation, Washington, D.C., 
September 22, 1980. 

Explores the emerging role of the Federal Govern- 
ment in stimulating greater collaboration between 
universities and the industrial sector in research 
and development and discusses the potential such 
linkages have for matching the technological de- 
velopment interests of industry with the research 
interests of university scientists. Government par- 
ticipation is described as including: the continued 
financing of fundamental research through university 
laboratories; the development of a climate of 
understanding and support for this collaborative 
process; the identification and evaluation of im- 
pediments in the innovation process; and the 
collection, analysis, and publication of statistics to 
vionitor the progress of this triparty arrangement. 
Suggestions for ways in which universities and the 
in\.!ustrial sector might contribute: lo the develop- 
ment of a research partnership arc also pi ovided. 
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Miliisllclcl ^-dwin. **Baslc Research and Productivity In- 
crtMse in Manufac.turitici.'' American Economic 
Kci^U'W, 70 (!)r(Vini)cr 19H0), pp. 863-873. 

riie results ol Manlielci's study Indicate that tliere 
Is a statistically signidcant and direct relationship 
between tlie ariiount of basic research carried out 
by <ui industry, or by a firm, and Its rate of Increase 
of total factor productivity, when its expenditures 
on applied K&tD are held constant. 

Mansfield also collected new and original data on 
basic and applied R&D expenditures of 1 19 com- 
panies, concerning the changes In the mix of R&D 
between 1967 and 1977, and the changes they 
expect between 1977 and 1980. The findings in- 
dicated tliat practically all Industries have cut the 
proportion of their R&D expenditures going for basic 
r(!search. Most Industries have cut the proportion 
(|()inci lor relatively risky projects." 

■ Mansfield cautions that correlation Is not causation 
and that basic research expenditures could be a 
lunction ol liigh [productivity grovi^h rather than vice 
versa. 

Mansfield, Edwin, et a/., Hcsc^.rch and Innovation in 
Modem Corporation. Piew York: WW riorton, 1971 

This classic textbook treats the several phases of 
K&D in several R&D Intensive industries. In Chapter 8 
on major pharmaceutical innovations (originally the 
dissertation of co-author Jerome Schnee) data are 
presented on the sources of Innovations for 68 of 
the most widely used brugs in the U.S. 

Three major (indings are advanced: 

• "[External sources — sources other than tlie inno- 

■ vatlnci firm — have played a major role in the tech- 
nological progress of the ethical pharmaceutical 
industry In the U.S. These external sources provided 
5A% of the discoveries which produced pharma- 
ceutlc^^I innovations during 1935-1962.... in particular 
the Innovations contributed by universities, hospitals, 
and research Institutes (25% of the. ..total) had 
sut)stantlal... Importance." 

• "...tlie grouping of the Innovations Into two time 
(periods Indicates that external sources have declined 
in importance over time." During 1935-1949 external 
sources provided 62% of the discoveries, which 
declined to 43% during the 1950-1962 period. 



• There was considerable variation among product 
categories In the sources of discoveries. A major 
factor accounting for these differences is the existing 
state of the art within the categories. The biological 
test and screening systems used by phamiaceutical 
firms have greater potential for uncovering new and 
useful chemical structures In those areas where 
there Is reasonably high correlation between animal 
tests and clinical trials— e.g., digestive and gen- 
itourinary drugs, and respiratory system drugs. But 
in product categories not amenable to biological 
tests system approaches, such as drugs for neo- 
plasms and the endocrine systems, the non-screen- 
ing approaches of external sources have been 
r'elatively more fruitful. 

Mansfield, Edwin. ^Tax Policy and innovation" Science, 
March 12, 1982, pp. 1365-1371. 

A comprehensive, scholarly review of what Is known 
about the quantltiatlve Impact of particular tax 
measures upon the rate of innovation and Ri^D 
investments. Includes a detailed examlnallon of 
the provisions of the Cconor'nlc Recovery Tax Act of 
1981 relating to R&D Investments. 

Concludes, "Without question, our nation's tax 
policies have a major impact on the rate of inno- 
vation. But because practically no studies have been 
conducted to estimate the effects of past or proposed 
tax chariges, we have little or or no dependable 
information concerning the quantitative impact of 
particular changes of this sort on the rate of inno- 
vation." 

Marcy, Wlllard. 'Tatent Policies at Educational and non- 
profit Scientific Institutions." Paper presented at 
the 1 75th meeting of the American Cliemlcal Society, 
Mar ch 13-14, 1 978. ACS Symposiuni Ser ies 81. 12 
pp. 

Provides a brief history of the development of 
administrative mechanisms for handling the transfer 
of useful technology from the university laboratory 
to the marketplace, beginning with the pioneer 
efforts of Dr. Frederick Gardner Cottrell who founded 
the Research Corporation in 1912. Reviews the 
purpose, objectives, and administration of university 
patent policies. Including procedures for reporting 
Inventions and for distributing income realized from 
patents. Considers factors influencing university 
patent policies such as Government policies and 
foreign patenting opportunities. Concludes with 
several examples of basic problems which suit- 
ably drafted patent policy guidelines can help 
resolve." 
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Masscicluisctts hvstitiiU: of Technologj', OfTicc of Spon- 
sor i-d Krociinnis, Kescarcli AcjrccmciHs with Iti- 
iliishij! Sponsois: Kcvictw DnUl/' MIT, CatTibrldge, 
M/V novcnibcr ix I9HI. ."51 [)[). 

riiis coMiprchensivc guide sumtnarlzcs the broad 
priiu i[)lcs and specific contract provisions applicable 
U) rosv.<n-ch acireenicnLs between MIT and Industrial 
tMKl coninicrclal organizations. George Duninier, 
Direclor of llie Ollice of Sponsor :d Programs, slates 
in a separate letter, *'Tliis is still a review drall.... 
consequently It slioud not be cited as representing 
an ollicia! statement of MIT policy, although it 
<K ( iirately reflects current practice/' 

*M(.cy;.':'?.!ll, J. Douglas. 'Trocluctivity Improvement in 
iU.searr} I atui Dev'^lopment and engineering in the 
I'riHed suites ' Sociciij of Kcsairch Adminisimtot s' 
.ItnnuM, Vol XII (Tall 1980), pp. 5-14. 

I his arlicic focuses priniarlly on Internal nianage- 
•r.*\'U «in(I. [K:rsonnel fa :tors In productivity. However, 
a usi lu! li.siltKi is {^resented of four nationwide factors 
til, 'I account^':! for decreasing K&^D productivity in 
tdr U.S. from 19(50 through 1975. 

• 'v.l.anges in ca[)itai gains tax codes in the late 
I^)fi(J's; 



• A ' obst^sslon In the I960's among many com- 
pai;:es .vlth tlie idea of rapid growth while minimizing 
risk to ^lT>rt term earnings; 

• Low k:( nipared to J^ipanese and German industry) 
investmcni in [:)rocess engineering and manufac- 
turing teclinoloc^y K(kD: 

• (^\erenctiantment by many conipanies with the 
glamored liigh technokKjv'. "One mining (company) 
sui^j/or;.:vi research In solid state physics and 
semir-'Mcit kXoys for '^onic 15 years without a payoff 
Ihh <ius. t ip managmenl felt it enhanced the image 
ol tin* f -Mnpany. 

M{)gee, Maiy Cllen, The* Kelationship of Tederal Sup- 
port of I'jasic Keseaith in, Ut^iversitles to Industrial 
Innovation <ind Productivity. " in, U.S. Congress, Joint 
IXonomic Committee, S(>ecial Study on I!leonomic 
Cliange, Volume 3, l<csr<\n:h ^ Innovaiion: Dcvcl- 
opinfi «i Difncimic Piiitinn. Washington. D.C.: U,S. 
Government Printing Oflice, December 2Q, 1980. 
p}). 257-279. 

Section 1! examines "The [Relationship of Basic 
Kesearch to Industrial Innovation" and concludes 
that the contribution is usually delayed and Indirect, 
but that science, \seeir.s to act as an "engine" of 
ti:( hnolo(i>'." 
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Section ill examines The Relationship of Industrial 
Innovation to ProductivHy/' and. concludes that there 
is consensus of scholars that "the contribution of 
R&D to economic growth is high." Section IV on 
"Tfie Relationships Between Universities and in- 
dustry" notes the "natural barriers" between uni- 
versity and industry that may obstruct the transfer 
of academic basic research to industrial utilization. 
These include dlfFerences with regard to patents, 
publications and freedom of research directions. 
Concludes "the transfer of knowledge between 
academic science and Industrial application requires 
active effort on both sides." 

Miller, Julie Ann. "Spliced Genes Get Down to Business." 
Science Hews, Vol. 117, March 29, 1980, pp. 202-205 

[examines the founding and grouch of Genentech, 
Cetus, Biogen, and Genex. 

Murray, Thomas J. "lndusto''s,,riew College Connec- 
tion," Dun's Heview, May 1981, pp: 52-54, 59. 

Arj overview of developments In the university- 
industry area. The optimistic tone'*of the piece Is 
reflected in the following: "Both academic and 
corporate leaders seem confident that they can meet 
their mutual goal to increase industry's share of 
total college research to 15% or $G00 million during 
the 1980's. To help the cause along, they are 
currently lobbying liard to get tax incentives for 
corporate fuhdiiig of projects." 

Mullins, F^.T. "A Technical Enrichment Program for 
Minority Students." Special "Industiy/Universlty R&D" 
Issue of Research Management 19, May 1976. 

A preparatory and support program at Stevens 
Institute of Technology helps engineering students 
overcome the deficiencies of fiigh school education 
and lowers the attrition rate. 

riason, Howard K. and Steger, Joseph A. Support of 
Basic fiescarch by Industnj. Washington, D.C.: 
national Science Poundation, 1978.55 pp. (Prepared 
for riSr/STIA/SR5 under Grant PiSP C-76-21517.) 

Presents results of a 1975 survey of company 
expenditures for R&D. Concludes that there had 
been a Veal ' decrease in Industrial basic research 
expenditures. Advances five principal explanations 
for the decline. 

National Academy of Engineering. Academe/Industry/ 
Government: Interaction in [Ingineering [Education. A 
Symposium at the Sixteenth Annual Meeting Octo- 
ber 50, 1980, Washington, D.C; hational Academy 
Press, 1981. 74 pp. 
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Panels of distinguished speakers addressed three 
broad topics: 

hvhouse industry Engineering Education Activities. 
Representatives from QM, IBM, Bell Laboratories, 
Hughes Aircraft, and QE described their programs. 

Academe-Industry Joint Programs. Programs are 
described at Digital Equipment Corp. (for equipment 
grants to universities); the Purdue-Control Data Corp. 
effort in the CAD/CAM area; another CAD/CAM course 
at UCLA assisted by several corporations. 

The Support Role of QovemmenL Federal programs 
are described including PISFs Industry/University 
Cooperative Research program, PISP's University/ 
Industry Cooperative Research Centers, Innovation 
Centers, and its graduate fellowships. DOE's pro- 
grams to help support university industry interaction 
in research are described, as well at its $3 million 
institutional awards program which requires the 
universities to develop mechanisms to ensure that 
^here is long term industrial participation. The role 
the DOE supported National Laboratories is also 
mentioned. 

national Association of College and University Busi- 
ness Officers. ''Survey of Institutional Patent Policies 
and Patent Administration," /4dm/n[strat/ue Setvice 
Supplement March 1978. 

Examines the findings from a survey of university 
patent policies and practices conducted by the 
Society of University Patent Administrators in 1977. 
Data are tab :lated for the 48 major research 
insititutions responding to the survey, and the 
implications of the results are discussed. More than 
70% of the responding institutions have established 
' patent committees" whose functions include 
making decisions on patenting inventions, formu- 
lating patent policy, and determining royalty dis- 
tributions for the institution. Well over 80% bf the 
institutions use patent management firms such as 
the Research Corporation. The majority of institu- 
tions invest their share of royalties from patenting 
activities in further research. Among the other issues 
analyzed are: the number of patents applied for 
and issued during the last 10 years; the use of 
arbitration in the event of disagreement about the 
institution's rights in an invention; methods to obtain 
invention disclosures; institution patent agreements 
with Federal agencies. 

national Commission on Research. Industry and the 
Universities: Developing Cooperative Research 
Relationships in the national Interest August 1980. 
38 pp. 



/ 

Reviews the post-war funding history of basic re- 
search in universities and industry. Concludes that 
with appropriate safeguards, increased research 
relationships between universities and industry, 
' currently have an opportunity for growth, and out 
of that growth Vi^ll come increased innovation." 

Report contains a systematic statement of the bene- 
fits and hazards of cooperative research relationships 
to universities, industries, and government. In 
addition, the roles and responsibilities of the 
partners are described. A one-page bibliography 
is appended. 

national Research Council, "Research in Europe and 
the United States," Chapter 13 in Outlook for Science 
and Technology: The Piext Five Years, San Prancisco, 
W. M. Preeman, 1982. 

This chapter describes the R&D systems of the 
United Kingdorn, Prance, and. Germany. The mate- 
rials were primarily collected and written up by Dr. 
Charles V. Kidd of George Washington University 
and Dr. Bruce Smith of the Brookings Institution. 
Each country report contains a number of references 
to university-industry research and training linkages, 
seen in the perspective of thci total research system 
of the country. 

noble, David P. and Pfund, nancy E. "The Plastic Tower: 
Business Goes Back to College." The Piation, Sep- 
tember 20, 1980, pp. 233, 246-252. 

noble teaches the history of technology at MIT, and 
Pfund is a research associate at the Health Services 
Research Division of Stanford Medical School. 

The authors view the emergent phenomenology of 
university-industry relationships from a socialist 
perspective. The universities and their faculties are 
seen as being induced through a variety of incentives 
into structuring their research along lines dictated 
by corporate profit motives. 

The universities are seen as "an inherited resource 
that rightfully belong to us all, a substantial social 
investment" vAth a large degree of public account- 
ability for their work. 'This fact is recognized explicitly 
in the case of govemment support Punds are given in 
the name of the citizenry by government to foster 
social ends that are shaped and defined in the 
political process— a multiplicity and diversity of ends 
which oftentimes conflict." 

The authors argue that in the case of the $23 million 
Harvard-Monsanto agreement ''the firm has in 
essence transformed part of the public sector social- 
resource into a private sector. preserve, Vk^th little 
public scrutiny or accountability over its use of the 
facility." 



The authors further argue that in the eager campus 
quest for industrial support, a social climate has 
been created in which dissenters and critics of 
industrial perspectives will be elbowed aside and 
their voices suppressed. 

noble's booK America by Design: Science, Tech- 
nology and the Rise of Corporate Capitalism (Fiew 
York: Oxford University Press, 1979.) provides a full 
historical analysis from this general perspective. 

riorman, Colin. "MIT Agonizes Over Links With Re- 
search Mnit ' Science, October 23, 1981, pp. 416-417. 

Reports on the debate in the MIT community alx)ut 
the proposed establishment of the Whitehead 
Institute for Biomedical Research with a unique 
affiliation^ between the institute and MIT. Mr. Edwin C. 
Whitehead, a self-made millionaire, proposed to 
spend $20 million to build and equip the institute, 
provide $5 million a year in operating funds, and 
leave an endowment of $100 million when he dies. 
He characterized the proposed institute as "a purely 
philanthropic enterprise." 

Faculty concern revolves around three issues: the 
administrative structure, appointment of faculty, and 
selection of research projects. 

Omenn, Gilbert S. "University/Industry Research Link- 
ages: Arrangements Between Faculty Members and 
Their Universities." Paper presented at AAAS Sym- 
posium on Impacts of Commercial Genetic Engi- 
neering on Universities and rion-Frofit Institutions, 
Washington, D.C., January 6, 1982. 

Substantive review of cases of faculty who have 
sought opportunities to combine academic and 
commercial roles. Materials are included on: 

• The history and functioning of the Wisconsin 
Alumni Research Foundation (WARF); 

• Indiana University and Crest Toothpaste; 

• MIT's Industrial Liaison Program; 

• Two cases in econometric forecasting — Otto 
Eckstein's Data Resources Inc and Laurence Klein's 
Wharton Econometric Forecasting Association; 

• Medical school clinical practice plans, including 
income sharing plans for basic science faculty. 

Omenn prescribes a pluralistic approach but says, 
' . "We should encourage coherent institutional re- 
sponses and explicit, openly negotiated arrange^ 
ments with their most precious resource— their 
faculty— for their mutual benefit and for the public 
interest. 



Pake, George E. "Some Industrial Perspectives on the 
University-Industry Relationship," Council of Graduate 
Schools, Communicator Vol. 12, April 1980, pp. 
1-2, 8-10. Revised version published in Physics 
Today, January 1981, pp. 44-47. 

The Vice President for Corporate Research of the 
Xerox Corporation presents a typology of mech- 
anisms for university-industry interaction. They 
include: 

• Participation of business and industrial leaders 
in university governance: (1) Boards of Trustees, 
(2) Visiting Committees; 

• Direct support by industry of programs in uni- 
versities: (1) Direct funding of academic research 
programs, (2) Joint research ventures, (3) Company 
funded fellowships and scholarships, (4) Industrial 
philanthropic grants; 

• University services provided to or for industry: 
(1) Continuing education programs, (2) Extension 
services, (3) Specially tailored short courses, 
(4) Industrial associate or affiliate programs. 

• Enhancement of personal development of indi- 
viduals: (1) Faculty sabbaticals in industry, (2) In- 
dustrial leaves to university faculties, (3) Faculty 
consulting to industry, (4) Placement of graduates 
in industry. 

The role of Govemment is also discussed, especially 
in relation to tax arrangements for R&D investments. 

Place, Geoffrey, "The Government Role in the Develop- 
ment and Commercialization of Technology" in 
nSF, Science and Technology: Annual Report to 
the Congress, June 1980 Volume II of the ASTR 
Commissioned Papers Series. 

A manager of Procter and Gamble Co. discusses 
three factors upon Which the effectiveness of the 
process of the development and commercializa- 
tion of new technology depends. The third factor 
is, 'The effectiveness of coupling among the various 
sectors of the national R&D resource." Cites several 
authorities to argue that the. current level of 
university-industry coupling is far below optimum. 

Explores possible Federal roles in istimulating these 
partnerships: 'jawtx)ning", matching industrial grants 
to universities with Federal awards, and tax incentives 
for industry support of university research. 

Prager, D.J. and Omenn. viS. "Research, Innovation, 
and University-Industry Linkages," Science, Vol. 207, 
January 25, 1980, pp. 379-384. 

At the time of writing, Prager and Omenn were with 
the Office of the President's Science Adviser. 
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carter Administration actions to enhance basic 
research and stiniulate industrial innovation have 
focused attenlion on the importance of formal 
university-industry cooperative relationships in 
science and engineering. This paper examines the 
status of, and potential for, university-industry 
research consortia and research partnerships and 
the current and prospective roles of the federal 
government in stimulating such relationships. A 
useful typology of university-industry relationships 
is presented. 

Kabkin, Y.M. and Lafitte-Houssat, J.-J. "Cooperative Re- 
search in the Petroleum Industry/' Sc/entometnciJ, 
1 (Plo. 4, 1979), pp. 327-338. 

Paper describes an unusual historical case of 
cooperation in petroleum research between industry. 
Government and the universities. 

"After years of debate, the American Petroleum 
Institute (API), a trade association representing 
America's oil companies, decided in 1926 to sponsor 
nearly thirty research projects connected with various 
aspects of the science of petroleum. One of the 
projects, known as API Research Project 6, was 
conducted at the national Bureau of Standards (fiBS) 
in Washington and from 1950, til! its termination a 
decade later, at the Camegie Institute of Technology 
in Pittsburgh. The project was remarkable ih many 
respects. For one, while it was financially sponsored 
by the API, i.e. by the entire petroleum industry, its 
operation took place outside industry, and its results 
were openly published. " 

"The project's organization was of a novel coop- 
erative nature. 1 he cooperation among the oil 
companies embodied by the API, and the coop- 
eration between the API, on the one hand, and the 
Federal Government and several universities, on 
the other, affected the goals and the modes of 
operation of Project 6. Both kinds of cooperation 
involved contradictions. One basic contradiction 
could be noticed in the initial formulation of the 
research program. It had to generate knowledge 
relevant to the interests of the petroleum industry. 
At the same time that knowledge had to be funda- 
mental i.e., not 'too relevant' because the practical 
application and commercialization of the results 
had to be left to individual companies. The main- 
tenance of a balance between relevance and funda- 
mentality was a niajor concern for those involved 
in the research planning at the API. ' 

Rae, John. "The Application of Science to Industry, ' in 
Alexandra Oleson and John Voss (eds.). The Orga- 
nization of f^nowledge in Modern America, 1860- 
. 1920. Baltimore: Johns Hopkins University Press, 
1979. pp. 249-268. 
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The author. Professor emeritus of the History of 
Technology at Harvey Mudd College, provides a 
compact summary and interpretation of the uses 
of science by industry in the period covered. 

"Since America was a new country...there was nor- 
mally more work to be done than there were hands 
available to do it There was therefore a premium 
on devising techniques and gadgets that supple- 
mented labor. It was important to be able to make 
devices that worked, but it was not important to 
know why they worked.'' 

The absence in America of well .Established uni- 
versities or any considerable body of "gentleman 
scientists " led to an American tradition that 'min- 
imized the pursuit of science for its own sake and 
magnified...the untutored but ingenious gadgeteer." 
Further, the absence of sufficient trained craftsmen in 
America strengthened the role of the "cut-and-try" 
tinkerer. "The ingenious tinker enjoyed an astonish- 
ing longevity as an American folk-hero, reaching an 
apex in fact in the 20th century with Thomas A. 
Edison and Henry Ford." The creation of institutional 
structures for the application of science to industry 
took the form of development of professional 
societies during the late 19th and early 20th cen- 
turies, and the growth after the turn of the century 
of in-house industrial research laboratories. Many 
of these were initially geared towards analysis and 
testing. 

The First World War created a situation where, "for 
the first time in American experience, scientists 
and engineers from industry, government and the 
academic world came together to work cooperatively 
in group research.... There was a lesson to be learned, 
and it was." When the country retumed to peacetime 
activity it was ready for a new stage in the utilization of 
science by industry — the substitution for "cut-nnd-try" 
methods of the application of science through 
organized and systematic research. 

Research Corporation. Science, Invention and Society:' 
The Story of a Unique American Institution. Pievy 
York: Research Corporation, 1972. 40 pp. 

Describes the formulation (in 1912), growth and 
functioning of the Research Corporation, in 1979 
competitive peer-reviewed awards for basic research 
totaled $2.3M. An additional $0.5 million was pledged 
in 1979 by a variety of corporations and foundations 
to support basic research through Research 
Corporation programs. 
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The Research Invention Administratio'^ :i 
provides institutional visiting and e\- i- 
cluding lecjcil) services to identify inv r h 
potential for technology development >t 
in the patenting process. The amount 
was expended in 1979 in support ot ay, 
evaluate nearly 400 inventions from 114 insuv 
Royalties and license fees from successful p* 
in this prograrn are shared by RQ the invert 
and their institutions. In 1979 a gross income oi 
$4M from these activities was allocated as fo'^o^ws: 
$1.8M to institutions; $0.8M to inventors; v^iiG 
$1.4M for support to RC programs. 

Ridgeway, James. The Closed Corporation. (new \ v'^ • 
Random House, 1968) 273 pp. 

A best selling Vietnam era radical critique of the 
"niilitary-industrial-academic complex." 

numerous cases are presented of close relationships 
between professors and presidents and corporate 
enterprise. These are taken as evidence for the 
"corruption" of academia. Many of these same cases 
today are seen as the harbingers of new roles for 
academia in society— increasing technology transfer 
to raise industrial productivity. A case in point is 
the WARF — Wisconsin Alumni Research Fund— which 
was castigated by Ridgeway for engaging in price 
fixing, but which today is hailed as model for 
obtaining university benefits from university research. 

The book contains many briefly discussed cases ' 
of profe5iSor-entrepreneurs running businesses while 
retaining their university positions, corporate boaird 
- activities of academic administrators (including a 
lengthy list of names), university ovmed business 
deals, the varieties of consulting and the related 
conflicts of interest and the strategies for investment 
of academic endowment funds. Several accounts 
are made of the role of professors with consulting 
or research relationships with industry or trade 
associations giving Congressional testimony for or 
against bills in the interest of their patrons— cases 
in the pharmaceutical, automobile, and tobacco 
industries are treated in detail. 

A whole chapter is devoted to several University of 
California enterprises ("Multiversity Inc"). Examined 
are U.C.'s relationships with the AEC, the Pacific 
Gas and Electric Company, agribusiness on the 
braceros issue and the Irvine Company. The pri^^^ate 
industry connections of the university administrators 
are catalogued in detail. 

Roberts, Edward B. and Peters, Donald H. "Commercial 
Innovations from University Faculty." Research Policy, 
10 (1981), pp. 108-126. 



Study of a sample of faculty of the Massachusetts 
Institute of Technology (MIT) has determined that 
many academic scientists and engineers have 
commercially-oriented ideas, but that few take strong 
steps to exploit their ideas. "Idea-havers" scored 
high on creativity measure.Tient instruments and 
participated in more diverse work environments. 
Academic "idea-exploiters" are marked by personal 
background characteristics of family, religion, and 
parental occupation that have been identified in 
earlier research as characteristics of new technical 
company entrepreneurs. Other indicators reflecting 
high need for achievement were also observed in 
the idea-exploiting group. Finally, professors re- 
porting commercial ideas were much more likely 
to be involved in consulting with business or gov- 
ernment than were those who did not report ideas. 
Policy implications for universities and countries 
interested in technology-oriented development 
are discussed. 

Robinson, Arthur L. "national Synchrotron Light Source 
Readied/' Science 214, October 16. 1981. 

Reviews the evolution of policies for expansion, 
equipping and industrial utilization of national 
facilities for synchrotron radiation sources. 

The innovative concept of "participating research 
teams" (PRTs) was developed at the new Brookhaven 
national Laboratory national Synchrotron Light 
source. 

"A group (industrial, university, or government 
laboratory) accepted as a PRT would build and 
finance one or more experimental stations in 
.exchange for unrestricted use of the facilities for 
75 percent of the running time. The PRT would 
also have to give outside users access to its instru- 
mentation for the remaining 25 percent of the time. 
Included in PRTs selected so far are IBM, Bell 
Laboratories, Exxon, and Xero;^, who together ac- 
count for about 40 percent of the PRT-supplied 
experimental stations." 

The financial contributions of the industrial members 
of the PRTs provide a way to get the light source 
instrumented at a much faster pace than would 
otherwise be possible given the available govemment 
funding. 

Rogers, Everett M., Eveland, J. D., and Bean, Alden S. 
"Extending the Agricultural Extension Model." Stan- 
ford University Institute for Communication Research, 
September 1976. (U.S. Department of Commerce, 
nTIS ^ PB-285119) 172 pp. 
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This report is responsive to concerns among gov- 
ernment and industrial officials tii at the U.S. lacks 
adequate mcchani;sms for linking the performer 
and users of research together for purposes of 
enhancing technological innovation. It is often 
asserted that "the agricultural extension model" 
should be the basis for improving upon existing 
technology transfer and research utilization mech- 
anisms. This report describes the historical devel- 
opment and current operating structure of the 
Cooperative Extension Service (CES) of the U.S. 
Department of i\gricultt»re, in order to accurately 
portray the major features of what is commonly 
called the "Agricultural Extension System." Com- 
parisions are made between the CES and seven 
other Government programs designed to enhance 
innovation and ostensibly modeled after the CES. 
Conclusions are drawn about the degree of cor- 
respondence between the CES and its imitators 
and their relative effectiveness. Recommendations 
for future research are noted. 



Science Council of Canada, Annual Review 1981. "Uni- 
versity-Industry Interaction" Statement of the 
Chairman/ Dr. Claude Tortier, 1981. Minister of 
Supply and Services, 1981. Cat. no. SSl-2/1981. 
pp. 21-44( 

Explores/^t length the issues of the government 
role in the provision of university trained science 
and engineering "operational manpower" and 
"research-trained manpower." 

Section/on university-industry cooperation discusses 
three jnodel relationships: the Pulp and Paper 
Research Institute of Canada and McQill University, 
the Center for Cold Ocean Resources Engineering 
and Memorial University in St. John's, and the 
research brokering functions of the Industrial 
Research Institutes, and the Centres for Advanced 
Tecjinology— both created by the Federal Depart- 
ment of Industry, Trade, and Commerce. Additional 
programs discussed: 



• jjL'Institut national de la Recherche Scientifique, 
a constituent branch of the University of Quebec) 
irjiRS-Telecommunications — a center for graduate 
studies and research situated within the laboratories 
of an industrial organization (Bell northern Re- 
search); 

/• PRAI grants— Project Research Applicable in 
Industry; 

• the "Relevant Research" Approach; 

• Industrial Innovation Centers in Quebec and 
Ontario; 

• Initiatives by industry; 



Servos, John W. "The Industrial Relations of Science: 
Chemical Engineering at M.I.T., 1900-1939," Isis 
1980, 71, pp. 531-549. 

This study examines the questions: "Mow did in- 
dustrial patronage (for scientific research and training 
at universities) affect the evolution of academic 
science, basic and applied, and how did it influence 
the goals and values of scientists themselves?" 

Using primary materials from MIT archives the study 
documents two major transformation of the insti- 
tution. The first, around the turn of the century, saw 
the shift from a local, vocational/technical school 
to a nationally recognized institution with both basic 
(A. noyes) and applied (William H. Walker and A.D. 
. Little) research and training capabilities. 

During the decades of the 1910's and 1920's, the 
applied research orientation came to dominate MIT, 
with strong ties to and support from industrial 
organizations. 

The second tranformation, during the 1930' s, saw 
a realignment of the balance between basic research 
and basic science training, applied research and 
training in turrent industrial technique. The study 
is an instructive case on the limits of industrial 
support of an academic institution. During the 191 0's 
and 1920's "(W) Walker and (A.D.) Little has been 
willing to allow industry to determine the priorities 
of the Research laboratory for' Applied Chemistry 
and indeed to subordinate the program in chemical 
engineering to the immediate interests of business. 
They were willing to do so because they perceived 
an identity of interests between businessmen and 
applied scientists. Their successors were, to a much 
greater degree, sensitive to the need for disciplinary 
independence and eager to follow their own judge- 
ments regarding the best opportunities for research. 
In part this attitude arose from their experience 
with the restrictions imposed by sponsors; in part 
it resulted from the increasingly abstract character 
of chemical engineering itself. 

Shapero, Albert. University-Industry Interactions: Re- 
curring Expectations, Unwarranted Assumptions and 
Feasible Policies. Columbus, Ohio: Ohio State 
University, July 31, 1979. 47 pp. (Prepared for 
nsr/STIA/PRA under PO-SP-79-0991.) 

Explores implications of several aspects of university 
social and organizational structure for possible 
expansion of university-industry relationships, rive 
"exemplar options" are recommended. Bibliography. 
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Sinnott Maurice. ^University-Industry Programs: An 
Analysis of a Series of Joint University-Industry 
Research Programs Sponsored by the Defence 
Advanced Research Projects Agency." Paper pre- 
sented at a Conference on University Research 
Management June 6-7; 1977. 7 pp. 

Written bj' an associate dean of engineering at the 
University of Michigan, these remarks track and 
interpret DARPA's experiments in 'coupling" com- 
panies and universities in R6fD during the 1960's. 

The author believes that the principal lesson leamed 
from these experiments was the development of a 
better appreciation by both industry and the uni- 
versities of each other's strengths and limitations 
in R&D. 



Small, Henry and Greenlee, Edwin. A Citation and Pub- 
lication Analysis of U,S, industrial Organizations 
(Pinal Report for nSP Contract PRM 77-10048.) 
Institute for Scientific Information, 325 Chestnut 
Street, Philadelphia, PA 19106. January 1980. 95 

pp. 

This is an exploratory .study using Science Citation 
Index data for 1973 and 1976 to see how these 
data and techniques can be used to examine 
industrial research. 

The study determines the extent to which industrial 
organizations cited research performed in the 
university. Government and other sectors, and the 
extent to which industrial organizations were cited 
by the various sectors. Several kinds of evidence 
were noted of a gradual decline in publication 
productivity of industrial organizations from 1973- 
1976— especially in basic research. 

Interesting citation measures of association between / 
ispecific industrial firms are presented to map the 
relationships between these organizations. A struc- 
ture which reflected research field and product 
orientation was formed. 

Smith, Lee. "The Unsentimental Corporate Giver," for- 
tune, September 21, 1981, pp. 121-124, 129, 132, 
137, 140. / 

Useful examination of the patterns and motivations 
of corporate philanthropy. Contrasts two philoso- 
phies of corpo rate philanthropy: That espoused by 
Milton Friedman, 'supposedly the headmaster of 
the give-nothing school"; and the view that/ "the 
purpose of business is to serve society," sponsored 
by Lawrence A. Wien and Kenneth PI. Dayton. / 



Some relevant facts cited are: j j 

• In the late 1970's corporations (and corporate 
sponsored foundations surpassed the independent 
foundations in total gifts for the first time since the 
mid-1950's. 



• Average gifts have oscillated around 1% of pre- 
tax earnings since the 1950>, 

• Five of the ten top recipients of corporate largesse 
were universities. 

• The proportion of totaS corporate gifts going to 
education (about 40%) declined slightly between 
1965 and 1979. 

Swalin, R.A. "Improving Interaction between the Uni- 
versity and the Technical Community." Special 
"Industry/University R&D" issue of Research Man- 
agement 19, May 1976. 

A number of steps taken at the University of Min- 
nesota have substantially increased cooperative 
efforts between the University and the surrounding 
technical community. / 

Sweden. Utbildnings Departementet. /Id/ungWrade Fro- 
fessdrer: Utvardering av forsoksverksamfjeten aren 
1973-1979, Stockholm: Liberroriag. 1979. (Ds U 
1979:13) (In Swedish). / 

An evaluative study, baseid on intervie.ws, of seven 
years of experience with an "adjuncl professor" 
program between industries and universities in 
Sweden. Descriptive information is presented on 
the 60 participants— their education, en iployrnent 
work activities and field of competence. Descrip- 
tion of the administrative arrangements- -including 
percent of time/and salary adjustment. Recruitment 
to the program and motivations are explored, as 
are effects upon the incumbents. / 

Thomas, Lewis "Business and Basic Science." Bulletin 
of the Mew York Academy of Medicine, 57(6):493- 
502, Ju!-Aug 81. / 

The recent .Examples of marketatjle products from 
hybridoma' antibodies and recombinant DPIA 
genomes ought to be raising new anxieties.... (cor- 
porations) are or should be uniquely concerned, 
out of pure self interest, for what will be available 
in, say, the year 1995 or 2000, waiting then for 
application to new products. If lo^g-term investments 
in basic science are not continued, they will find 
themselves out of business /or at least out of 
competition with their counterparts." 

Tokyo Chamber of Commerce and Industry, The Cur- 
rent Condition and Future Prospects of Industry- 
University Cooperation in Research and develop- 
nient and in Manpower Development May 1973 

/ 

Report is in Japanese, but a 10 page English 
summary was prepared for PiSF. 
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Ip 1972/73 about 700 Japanese companies re- 
turned questionnaires dealing with their modes and 
levels of interaction with universities. Past, current 
and desired future cooperation were described. The 
study analyzes present and expected future in- 
volvement in 13 types of interaction, including 'Joint 
research/' "offering scholarships/' "sending em- 
ployees as lecturers to/ universities/' and "utilizing 
facilities of universities/' by size of company and 
type of industry. Thusj ror example. 29% (52%) of 
all the manufacturing companies reported current 
involvement in "doing joint research and com- 
missioned research"7-32% (58%) for the "machine 
and tool" industr>v 48% (60%) for concerns in the 
"chemical rubber, ceramics, and earth and rocks" 
industry, and 21% (46%) of the companies in "steel, 
metal, and non-ferrous metal," The percentages in 
parentheses are the cbmpanies expectations for 
future cooperation—thus, in 1973 Japanese com- 
panies held o'ptimistic expectations of expansion 
ol their research connections with universities, 

i ' M 

United nations Association of the USA. Economic Policy 
/ Council. Technology Transfer Panel. The Growth of 
I the U.S. and World: Economies through Techno- 

, logical Innovation and Transfer, new York: UnA-USA. 

; inc., 1980. 76 pp. / 

This report examines the development of industrial 
technology and its international transfer. It claims 
that it. "is in the/niain a consensus view among the 
business, labor, and academic groups represented 
on the Panel/' , 

Amongst the recommendations aimed at the gen- 
eration of new technologies in the U.S. were: 

I / 

• "Business, labor, universities, and financial insti- 
tutions should work together more closely at all 
levels— plant community, industry, trade association, 
and national^ organization— to develop new tech- 
nologies at ti^bme and to acquire new technologies 
from abroad." 

• "The U.S. Government should play an important 
but lar^gely indirect role. It should support tech- 
nologies with industry-iWide or inter-industry ap- 



plications../. 



/ 



^vT • Business is encouraged "to invest greater re- 
sources in joint industry-university research...." 

United States. Department of Commerce. Office of Pro- 
ductivity/ Technology and Innovation. Office of 
Cooperative Generic Technology. CooperaWi^e BStD 
Programs to Stimulate Industrial Innovation in 
Selected Countries, Washington. D.C: various dates 
in 1979 and 1980. 

Appendix 17— A Summary, by Elaine Bunten-Mines. 
Julie Menke. and Carl W. Shepherd. June 1980. 75 pp. 



/ 



Appendix 16— Su;ec/en. by Carl W. Shepherd, June 
1980. 55 pp. 

Appendix 14— Japan, no author listed, november 

1979. 73 pp. 

Appendix 11— federal Republic of Germany, by 
Carl W. Shepherd. May 1980. 124 pp. 

These studies were carried out in response to an 
OMB directive to "review past Federal and State 
cooperative technology programs... and those of 
other countries" in order to determfne the Viability 
of the Department of Commerce's proposed Coop- 
erative Generic Technology Program.; All of the 
reports are considered working papers for'discussion 
only, and do not represent official policy or con- 
clusions of the Department of Commerce. 

I 

United States. Department of Energy/Industrial Re- 
search Institute. "Mechanisms of University-Industry 
interaction." IRI/DOE Conference. December 7-8. / 
1&78. Reston. VA. 117 pp. 1 / 

1 ■ / 

Packet of materials for attendees containing: four/ 
short statements of problems and issues by par-/ 
ticipants; short descriptions of nine actual v/orkshop/ 
fellowship, intem. equipment and liaison programs/; 
short descriptions of seven joint research program 

United States. Department of Justice. Antitrust Guide 
Concerning Research Joint Ventures, novemb/er 

1980. Washington. D.C: USGPO. 1980. il3 pp/ 

An outgrowth of the Carter administration Domestic 
Policy Review of Industrial Innovation, this aocurnent 
seeks to, clarify Department of Justice^ policy on 
collaboration among firms in research to rrlake 
certain that the antitrust laws are not "mistakenly 
understood to prevent cooperative activity....?' 

The Guide includes a general introduction explaining 
the Antitrust Division's analytical approach /to rer 
search joint ventures, followed by a numper of 
hypothetical cases designed to exemplify the most 
important or difficult situations, and the Division's 
approach to them. In adclitidn..i:he Guide contains 
summaries of previous businj^ss review clearances 
and advisory letters of the Antitrust Divisiot) relating 
to joint research. 

United States. Mouse of Representatives. Committee 
on Science and Technology. Subcommittee on 
Science. Research and Technology. Hearings on 
Government and Innovation: University -Industry 
Relations, July 31; August 1-^1979. Washington. 
D.C: U.S. Governme|it Printin^bffice. 19^79. 522 pp. 

Contains t^stimonV/ letters ^nd articles by a variety 
of persons prominent in R&D relating/to proposed 
legislation entitled, "national Science and Tech- 
nology Innovation Act of 1979." ; 
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United States, national Science roundatlon, 1980 In- 
dustricil rrociram Grantee Conference Proceedings, 
edited l)y David D. Douglas, Industrial Research and 
Extension Center University of Arkansas, Little Rock, 
Arkansas 72203. 172 pp. 

These Proceedings document the substance of a 
conference held Hot Springs. Arkansas. May 12-14, 
1980, on the theme of innovation and productivity 
in America. Seven sections containing 4-6 papers 
each were on the following topics: 

1. Thematic presentations on innovation and pro- 
ductivity. 

2. Current programs: university/industry coupling. 

3. Current programs: innovation center/tech nolociv. 
innovation projects. 

4. Current programs: small business innovation 
research. 

5. Current programs: planning experiments. 

6. Government views— university/industry coop- 
erative research. 

7 Lessons learned/new opportunities. 

United States, national Science Foundation. Proceed- 
ings of a Conference on Academic St Industrial Basic 
ResearcAi Princeton University, november 1960. nsr 
61-39. 

Participants from 43 major R&D companies, uni- 
versities and Government examine the conditTons 
for advance in basic .sciencejrhe-roles^f^he s cv c ral - 
sectors in basic research were discussed, and four 
papers examined the industrial experience in basic 
research (G.E., Bell Telephone, Merck. Celanese). 
The Interdependence of academic and industrial 
basic research was discussed in three papers on: 
polymers, semi-conductors, and aerodynamics. 

United States, national Science Foundation. Research 
in Industry: Roles of the Government and the 
national Science Poundation. Washington, D.C.: nsr 
December 1976. 21pp., plus 160 pps-attachments. 

Reviews role of scientific research in non-academic 
institutions with special attention to nsr programs 
and policies relating tp private industry. Contains 
much data and bibliography. 

Useeni, Elizabeth. "Education and High Technology In- 
dustry: The Case of Silicon Valley. Summary of 
research findings." Boston, MA, August 1981, mimeo. 
. 32 pp. \ 



Dr. Useem, sociology professor at the University of 
Massachusetts, Boston, has documented the varie- 
ties of relationships between the over 500 high- 
technology firms in the Santa Clara valley (Silicon 
Valley) and all levels of the educational system- 
secondary schools, two-year community colleges, 
and four-year colleges and universities. The study 
explores the degree and manner in which educa- 
tional institutions are changing to meet the demands 
of a rapidly transforming technology. 

The general conclusion is that the relationships 
are positive, strong, and evolving in appropriate 
directions at the univpjsity level. At the community 
college level relationships are bedeviled with mis- 
understandings, mistrust, and discontinuities, with 
ntXTeanmprovements perceived. At the secondary 
level, science and technical education is in complete 
disarray, still sinking fast, and with few exceptions 
the high-technology business community is paying 
little attention. During 1981/82 Dr. Useem will carry 
out a comparative study of education-industry 
relationships in the Boston/Route 128 area. 

Useem, Michael. - Business Segments and Corporate . 
Relations with U.S. Universities," 5oc/a/ Problems. 
29 (December 1981), pp. 129-141. 

It is generally assumed that business derives im- 
portant benefits from higher education and provides 
financial support in return. This presumes that 
business is relatively undifferentiated, and that 
corporate relations with universities are largely^^ 
uniform. Using data on th e govemlngJ^oards-anft- 
characteristics of 341 colleges and universities 
selected through a national sample, tliis pafDer shows 
that what is called the "dominant stratum" of 
business, rather than business as a whole, has 
formed an enduring relationship with universities 
that are oriented toward education of the elite: the 
governing boards of these universities are dispro- 
portionately composed of members of the dominant 
stratum; universities with high proportions of 
dominant stratum trustees are more successful than 
others in raising financial support from corporations; 
and members of the dominant stratum take a direct 
role in obtaining corporate contributions. The 
findings imply that relations between business and 
higher education are structured less around busi- 
ness as a whole and more around a distinct segment 
of business. Bibliography on corporate and university 
ownership and control. 

Watson, Kenneths M^ "Technologists in Top Management 
Part One: The Business SUCCESS Factor,'' and "Part 
Two: Management Technologists, Coordination, and 
Communication," Chemical Engineering Progress, 
Vol. 55 (February and May 1959), pp. 37-44, 37-41. 
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^ The papers examine the factors determining busi- 
ness success and the role of technology among 
them, "hi the study reported herein, a business 
success factor was developed by evaluating and 
combining annual profit on invested capital with 
rates of income growth and capital expansion. A 
technology factor was then developed by combin- 
ing level of research and development activity with 
percentage participation of technologists in 
management. 

The business and technological performances 
during the ten years 1948-58 are compared for 20 
large oil companies and 20 large chemical ct nr 
panies on the basis of readily available published 
data. Companies having higher technological factors 
are found to show significantly greater success 
indexes. Plo significant relationship is found between 
business success index and either research level, 
or technological participation in management alone. 
There are indications, however, that a high level of 
research activity may be a liability unless combined 
with a technologically perceptive management 

"Such results are believed to provide standards of 
corhparison which will be generally useful to man- 
agement technologists, and investors." 

Weber, David. "A new Industry Springs to Life/' Venture, 
May 1981, pp. 88-93. 

This article catalogues the mushrooming of entre- 
preneurial biotechnology companies— at least 40 
since 1978. The new companies include those 
aiming to produce products in fields ranging fi-om 
medicine to plant and animal breeding, and from 
energy production to industrial chemistry. Other 
" companies focus on support activities, making 
biological materials, such as already modified DMA, 
machinery with which to conduct research, and even 
a new crop of newsletters and journals. 

A significant proportion of these companies have 
direct academic connections. 

Weiner, Charles. ' Relations of Science, Government 
and Industry: The Case of Recombinant DPIA" in 
AAAS, Policy Outlook: Science, Technology, and 
the Issues of the Eighties, A draft report to the nSF, 
Washington, D.C.: American Association for the 
Advancement of Science, 1981. pp. 109-156. forth- 
coming, Westview Press, Boulder, CO, Spring 1982. 
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Comprehensive short history of the problems 
posed by the rapid development of recombinant 
dYiA techniques. Topics treated include the con- 
cerns about risks in the 1970's, the current status 
of DI^A technology and its regulation, and policy 
problems and prospects for applied molecular 
genetics in the 1980's. The perceived damage to 
the health of basic scientific research posed by its 
close association with highly profitable commercial 
ventures is discussed in detail. Bibliography. 

Weiss, Malcolm A. and White, David C. The MIT Energy 
Laboratory and the Role of Industry/University 
Interaction." Paper presented at the 1980 ASM . 
Materials and Processes Show and Congress, Cleve- 
land, Ohio, October 30, 1980. 12 pp. 

The Director of the MIT utiergy Laboratory describes 
four methods by which industry sponsors research 
at his laboratory. The lab has a $12 million budget 
roughly two thirds from government and one third 
from industry. Me states, 'although it doesn't come 
easy...Qovernment money comes easier...industry 
sponsored research is worth going after." The 
benefits for MIT and for the sponsoring companies 
are listed and four models of support— in addition 
to the traditional one-shot support of a single faculty 
member's research— are listed: 

• Center /or Energt/Po/fct/ Research— basically an 
"associates" program with 3 year rolling commit- 
ments according to no fixed formula (24 companies, 
9 other organizations). Plo restrictions on MIT's 
choice of topics. Many associates have their •[.enior 
staff participate in projects. 1980 budget about 
$500,000. 

• Electric Utility M^orkshop— seminar-workshop 
program in which electric utility companies identify 
problems and then sponsor research projects. 
Sponsors havi prepublication review rights, and 
non-exclusive royalty free patent rights. Up to 15 
sponsors spend about $500-700,000 annually. 

• Exxon Research and Engineering Combustion 
Research—a ten year bilateral agreement for annual 
project support of about $600,000 predominantly 
for specific basic research projects mutually agree- 
able to Exxon and MIT in the combustion of fuels 
containing carbon. Some portion of the support 
will be spent at the sole discretion of MIT researchers. 
Exxon has the right to review proposed publications 
for patent applications and to ensure that no 
proprietary information disclosed by Exxon to MIT , 
is included. MIT owns the patents and Exxon has a 
nonexclusive royalty free right to use the patents. . 
Termination of the agreement requires two year's 
notice. The MIT researchers agree to make at least 
half their research time available to the program. 
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• ASPEn ProJect--a large computer program de- 
veloped with DOE support as a tool to simulate 
proposed or. existing industrial processes. Firms 
(48 so far) co^iim it $15-25,000 at MIT over two years, 
for which MIT trains their personnel in the use of 
ASPEn and/make available the MIT computer to 
work real problerns of the firm, and to assist in 
installing AS PEPI on an in-house computer if desired. 

Concluding bon mqi: "How does a university ne- 
gotiate with a firm t6 a mutually satisfactory agree- 
ment? The same way any negotiation is carried 
out — by knowing the location of both pressure points 
and erogenous zones and when to touch which." 

WolfT, Michael. 'The President's Initiatives for Industrial 
innovation," Research A/anagement January 1980. 
pp. 7-12. 

Useful report on. the substance and political back- 
ground of President's Carter's initiatives relating to 
his Domestic Policy review of Industrial Innovation. 
While some of the measures received fairly universal 
approval, e.g., in the patent area, considerable 
. disappointment was expressed in industrial circles 
that no tax measures were proposed to "address 
the disincentives to capital formation." 



Wolff, Michael. The Why, When, and Mow of Directed 
Basic Research," Research Management May 1981, 
pp. 29-31. 

"The enthusiastic growth in basic research that 
occurred in industry during the booming 1950's 
and 1960's was throttled by the financial turbulence 
of the 1970's. For the decade of the 1980's, however, 
concern with U.S. productivity and technological 
competitiveness spells a potential resurgence in 
industrial basic research— but w:th one difference: 
this time it will be directed research. 

"At a recent IRI Special Interest Session a group of 
research managers addressed four key questions 
related to directed basic research (DBR). The answers 
provide useful guidelines for the successful conduct 
of this often misunderstood type of research." 

One manager included the following criterion for 
deciding what DBR to undertake: "Leverage your 
research dollar whenever possible with working 
university relationships and competitively won 
Federal study contracts in areas of basic research 
relevant to your company's technologies." 
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